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1% fit*' p V tk p , } I » 4 |v!jl#|$ Jirrl ‘II I^|2 f 4 f fflispilfikltt 

1*1 l» / u> n $f #/ A*rn i l mh % I hit win divided 

l«f #| trfi* If d*H \t\ t 4f,ll Ilf *IlI< ll b f however, 

«|,r 11 dvr a. itsitr typ^ f mill nrii Mir*mb ilif* oilier m 
^Ari44 hi bfi iwittli the vimr w*iy, in «hthlhtmd 

1 ; »’ r '< mo* :*m! |'f/tii!i mu* iii 4 tilii«»il f 1 lie hr?4 ciavt, or 

1 1? 1*14414 ?rH ; I*4, i; ¥ pi neatly *mtrrmnd» uktmh, or ik\a% 



m& f m& m wmutwm t atti! tin *1 cbnnnet of ibadlow water 
♦«?%«« ?t 11 nml tH« shote and a g»?mly dopm# nebbed m lit 
mmm ilit, EMitipfei are tiii»ii*riitti ;*~The Sftiulwich Mm4§ $ 
tlm Seychtile lelande, ihi Solomon litoi, llii Friendly Isles, 
the Navigator Isles, ili« New Hfbfitk*, and Mattrliiti** are 
margined wtih lilt kind of reef t ik *y ire aft# common in the 
lirtl f*Scj t r«n luitli ii# Afrkart and Arabian shores, and they 
t* tfrt 4 pi »'<?♦,,,>*!,00 fit#»i ihn tsiiiilicfii fiitftiiiif ©f the §#r#§tt«tft- 
pay *4 I 1 ilit Nicobar Islands^ and skin 

neatly ilit wh« 4 e tif lift islands of the West Indies* The reefs 
®n I utd t1 ,1*# r *fcnd»e# mhm% liirnl from the rate of 

upon ilit shots Letii* Agaiiii 1 hits tried 

1 Natmrvi HM&p Simim 
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to determine thmr permd nf growth, mill * result that Its 
considers that n would lake l»iw m h y*vif» l»r coral to 
grow upward?* from a thpth ml *evi**t fathoms in I lie ?»mfare 
of the fit it; liih estimate < .mnof, howrvrr, b* universally 
applicable, sine© their mi** of growth thficru sn Emtrm sea*, 
iiiitl varies according to the spent? ?. Thus, for example, tm 
a ship, which was sunk for twenty month* iti the I'mian 
Coif, there was art incrustation of coral to a depth <4 iwti feet 
oil her cp|»i«r bottom; while in live cave of the sunken ship 
Rhmnm^ which w»* found cm^iril with coral* it was reckoned 
that, even supjiostng the roral to have rommencetl growing 
n% %mm as tlie ship reached the Iroltom, the growth could n ? »t 
have been more than three inrhr* in a year. Again* *.mm 
corals have befit planted on the Madagascar coast, and these 
were observed f© have grown in a height of neatly three feel 
in no less than m months* 

The second class, or 1 harrier-reef * (Fig. 2), differs from the first 
claw in that it it situated at a greater distance Irani the shore, 
and that, as t consequence of this, tl e depth of the water on 
both its littoral and seaward sides b much greater. Titty 
occur in the middle of flit Hcd Ke-»; they ate common in the 
where they form the great harrier* reef on the norih*east 
ciwf til An^ffalb, and rxif-Mf! around the Society Islands, the 
Fiji*, and New Caledonia; and they surround islands like the 
l%lcw Islands, and lie Contora Isles m the Moramhiqiie 
Channel, Some of them are very large;—-that surrounding 
New Caledonia if four hundred miles long, and about ten miles 
distant from tit shore; and the one of the north-eatl coast 
i#f Australia it from ten to ninety miles broad, about i t fp 
§taims miles in length, and mr* hum ft n nrtm Int m its 
ceaward iitl# from a depth which oftrn «*c«K*b iret. 
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Tilt * last ertinpk of reef li.r* fleet! compared by f tikes 1 iu 
*n great MilMii.ii'jiie wall or ter raw, fronting the whole 
roast of Aiwlralhg resting at each end on shallow wafer, hut 

rising from \rry groat depth i about the rrfitir ; its tippr 
surface form? tig »i plat* au rove rod by to to jo fathotm of 
water, but studded all over with steep *sidml bind* like manse# 
which rise up to low water level. These masses ase especially 
nwmorous, an I most linear along the edge of the great hank 
t»n which they rest; tin? pas .age between them tiring often very 
narntw, like regular emhta ;»»e'* ctpecnl Imre and time through 
the parapet wall of a forties*}. These * individual reels* 
running along the outer edge proieri the t omparafivrly shallow 
water inside, and with the mmmmm inner reefs that me 
ictttcrecl over its space make it »«?♦ great nsttiral biflimir.* 

The third ami last davi, or * atoll’ (Ktg. j|, elliptical, «fa! 
roundish ring of com!, with here ami there a break lit its 
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;nnttm»ity v atiiimili a «rnif^l I iTt' hke r*paone of * atrt, Itwtwii 

t» lie f’lgcMiii, Tlit outvde water t» gene tally very tie** p # and 
lie iiroile shallow ; lain mk tie C m oy Teehug At*dl itnt 
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sounding-lead, at a distance of 2,200 yards from t 
sinks to a depth of 1,200 fathoms, while the lagoo 
two to seven fathoms deep. ‘ Such a basin with 
channels through the reef—affording (as many 
room enough for all the navies of Christendo 
anchor—supplies the very perfection of harbour ac 
even though the surrounding reefs are so low that 
the breakers outside will dash over the massed wa, 
this lagoon marine animals of all sorts—includir 
pre-eminently sharks—swarm : but it is seldom 
disturbs the water with its smooth, glassy 
curiously enough the openings in the reef are a 
leeward side, that is, m the one least exposed to t 
winds, so that while a ship has no difficulty in $ 
sea, it sometimes happens that it does not find an 
the storm so easy/ The commonest localities for 
Indian and Pacific Oceans. Stewart's atoll (F 
Solomon Islands, and the Menschikoff Island ma 
typical examples. 

Before Darwin wrote,, it was universally believ 
atolls were formed by the coral polypes growir 
merged volcanic craters. This theory finds ex 
support in the second volume of Lyeli’s Printiplt 
a book which was published in 1832, and which 
It is known that he procured the first volume (jusi 
at the suggestion of Henslow previous to his si 
the voyage of the Beagle , which started from I 
December 27, 1831, and probably, too, that kind) 
sympathetic friend and teacher forwarded him 
volume as soon as published. But whatey 
may be, it is evident that Darwin was acqt 
the prevailing idea, and that his acute and pene 
discerned at once its weaknesses, for he tells 
AuiobiogrwpJty that the main features of his 
conceived while on the voyage, and Afo/even previ 
c a true coral-reef/ ‘ No other work of mine,’ he 
1 Life and Letters of Charles Darwin , 1888, vol. i 
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tie^tiii in t*o iktltp five a ,|mi it a, thi% !m the whole theory wa * 

thought out fill the. wtod r»y 4 of .South Atom* a, before I had 
seen a trim roiiahmif, I Lad only in vnify and i v.emt my vim* ** 
by a < audit! examination it! living mt.h, But it ’ihmthl ho 
obMffved that I had duiing tlir hvo proviso . )** u * brut tm**% 
unnly attending to slit* fdtW Hon the .hole; of .South Amen* a of 
the intermittent elevation of the fund, Mgestinr with demtdaOMti 
anil the tlepodiiotj »t muIiiiii lit, Thri vainly kd ine to 
reflect much tm the rSiert * »if uulrndein *% mul if w*n my to 
replace in imagination die mntmuH drpmotsmi *d nrditnr«i by 
flic upward growth of roiaK To dnthh w.» * t«i form my theory 
of the formation of and asnlh, f f oopled with tin , 

]>aiwin» $w i» maftifetdrd by bn woik, f tfw uaw that, iti loiiiiisnj * 
any theory of the gernem ami development of *»«ai trrf^ not 
only must the nature nf the platform «m whhli the not ah luttld 
be taken mm ikttmtm, Imt that oilier I n for#, of ,r» njiutly gireo 
importance, tome into play an4 mum be rer boned* notably, 
the tiCOiliarconiiitkisiaol'the life of the m* ii pnlypr 
mil the pcctilbt* uw! % ihui, mevphvalde tlrMSmUmt m tlm rrrfu 
and m«lf% He saw in«ir t butly than hn jari Momr * 1 ad 
done the validity of the diction nf JofiamteY M idler, m ilii% »n*4 
indeed in all hh niiih*'! that lit#* ittuit fittfuiia a fttiffti in 
Natural Sue me are to to* d^roveird* iieithn by lb** mem 
attalyitfi of filsiiwpliical idra*, nor by mmph r* per mm r% but by 
pfflfftivt who h dramgtmfon the remind from If# 

net itlcfilif #it the phenomena oUnervrdt and thus hoth ftfftn Ifiku 
ftom whkh many expertm* r* mo fee thrived. 

The tomittitm* ttecew&ry for flte prefer trmlmiMft** of the 
organic life #f these poly pm tiffin to* Ik a temperature win* h i * 
not lower th.in6$T,, the ptewnce of nmt?» ami a 4pptli not 
rW’Piiiiig Iwrniy fathoiii^. They ,ib*o * ammt vn%noi r«|to4io 
to tlie rain and air* n«d flan are onabk fo iloiiri^h th^ top 

of the te^i b«* b^low liir watk of bmevt ti»|i"i, 1 hm irrH 
mi* nlmit fifitii the \\ r *4 c y #i4 '4 of A me or n Sr* if k m4%l>rd 
by a mid ruSa tropn .4 igfirnt; th* y a?e not banal m tbr 
tffilitli bu4ave Illfit tlifMfi la not Wil»4« lira 

Ltttlictttil and they «e ftwt t#w she tdmosa «f 1 



X 


I'A'Efi.r/OA'V Xul'f'. 


orilie north-eastern coa.tof Nm th Amen* a, vo.rt* u.,t .« a*** m 
the neighbourhood of the mouths of I uge uvets which bring 
down a large amount of mud and othei nisprmUM m »!t**r»fion 

the land 

Reasoning on the m farts, ami Id h w ah the tv» hours of 
subsidence, obtained by reading and obsn vamm nn the Arndt 
American coast, biiiwm t »»nn*i\ ni and inana i dn* thmj y 
which is set forth in the sun ceding png**'*- in * dy, th:. tbemy 
is as follows :—That as the polypes t .trim! h\** Imlnv a 
depth of too fret, and an* billed by ?** j o air *0 ' mrdnuu 
and air, and could rmi tin rcbm* hav*« gtnwu npv>aid from 
those vast depths to which the f mabrna <*■, * *cmtd f-c It sfnJl 
began as a fringing m*f, flam bm aum a lun; s av; a* hist 

appeared as a ring of final with a emmal hop on, *>* ho: to 
a slow but progressive subdd'tno of tin* 'in* <u vdo*Ji the 
polypes first began to tmihl If, on the v Aw, a firngiry he 
formed round an island {Fig 4 , t 4 pm**>4 hraa^fit ibr oa* 
level and the ^efathom line, ntul thmi dm s Asm! pm A.Ay 



Fin. 4,~ III»i! tutiiiff I) sfwin% ltw*a‘f A lOrrj *-f Off * 1 t*»» $ ni - -ft t 4 
llmth. 

First pt ! ii«h tlir I*’i iiff'isi • It * t, * »act fo h m IiMt <t |i <*, CAc! 

yerltMt, tlii Atoll. 

sink deeper into tin* sea, it A A, *bc j ’Airdi will h ivc hr. > 

smaller, and the dmim*d Wtwmi it nod ilm irrf widrr; the 
fringing-reef will in time have br<oin« r rbaipp-d into :s liaiimr* 

reef (Fig. 4, 2 nd petiml), provided that ?h*< pA*.jr-. gm,v 
upward at a tale which keeps pare vdllt the dept rocmc A gnu, 
another gradual suliAttfence* of f!m island lalnig pin *a a»«l the? 
coral growing upward :i% fast in the ha *• cobs rbownv.ir*I, 
there would at last result a mcne or It* n» r-ngmAipril ic f 
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if 

with a u-iitnfi «*j water !• ip. 4. id p- iiml , The 

hairier-?imf ha. b» **>nn* an anli, * *n tie »»am inapam nt a 
reel tlnn ilia warn* d X] and himd nil pm»■. «4 * m d ? 

aral lie,tp f]j<* hit?kt’!i in,r> f-* itann m mu he n 4 m' m * »hp! 

app* ar. ahm *• the luv* ! ih In. *■!. 1 I-*’ unem ;? v *4 f Im pMvp * 

tli i 14 »1 *' t * he? tin v.‘ ar - f ma in*’ f * * p.V ap »m tin m-p mh 4» 
prdl d ,, ar.fl ] J«f * d f f, In.I,’ .»• ad ( Ms r nt It < !,| 1 ’ r , hmllp 

Ittu i<» 1 in m' Iniahrd « n m tan n ,!/n and a la Id n, mi pi 
fOnm . in ,'ppmr mm a I M'.r , f i hr.i' d n 

Ifflllir'f! , ’ll.fl the \ M?id nt 1I1!,;1 ‘ n*ev J,a < dv .4 < Mr sh* 1 

* ah. wau*% la*' fee 1 ’ • 1 1 mar ! 1 / tV* , ivm, .? ,1 h< ina* '*•»<, 

I'ut'nhv,] e!«! ?,!i • ' pMIS t Td * ’ 4 4" - J ■’ ^ ,t . ! *4' ’-<*4 t! VpM* , 

palun ;i\tl »»:!*« r Ur- *, r4 m ;;/a N? u, amt 4m r ma! ,. a .4 
in* a ? nl mavs I a?h tlnl dwn’ 

Tin i»nny i ;r-- <\n \ ,u mamaml 1 } artrptni i h- rrnrial 

v»aii?v*4 I Mr?a?’ - dm »• a. 1 d" ta f imn «! ad mm mi, f»» 
have Ij m natal *1 it s- f ; .‘dm 1 }»»♦•..«>! Unas *n jnbh da <1 an 

UTlnU - 1 mu ?!m J 4 I my I ,! v, 4 , ad. d an* .amm, | at t V* m- tan 
fMUn.dty n} * dr < dm lam Ah h t * dr, % an I ’.lied ippr *: <*d f«i 

I, *a * ip r.v «’V,d,»-| 4 « «•» nt i *"< .M nn, i iTm ?t m ?4 Mih.^f- 
If n 4 '*i.4|d ( r i?M fa* f tltaf l* da* .>ri’h^; u r- a I ‘P f | t *‘ r i dnid%, 
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in our sixth chapter) that when the land is prolonged beneath 
the sea in an extremely steep slope, reefs formed there during 
subsidence will remain closely attached to the shore, and will 
remain undistinguishable from fringing-reefs. Now we know 
that the submarine flanks of most atolls are very steep; and if 



Fra, 5.—Madrepore (Qowiopora columna, Dana). Natural size. 

an atoll after upheaval and before the sea had eaten deeply 
into the land, and had formed a broad flat surface, were again 
to subside, the reefs which grew to'fhe surface during the sub¬ 
siding movement would still closely skirt the coast’ In this con¬ 
nection, Darwin’s letter to the same observer is also interesting 
and instructive; he had received from Professor Semper the 
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portion of thv ptonf'dri X t of tt:i bool; on Animai fjfrw Itk !i 

ndaU'ri to r orals,* |TJn . Iv* f ik wu . afo*t ,uud * tun 4 afmt in llsr* 
International Si icnfilir twtm ». * 1 i* leftM'* u dated 4 1 inwn, 

October 2| 1879/ and itifts th*".: * My dear iW«*vair Sit$i?|ri» 

I thank ymi for your study km*l 1 hi#v of the t^ib, am! 
for llie proof ohirm, I hrlrvr that I t?ii*!ot musd sill, nv* rprim* 
011c or two auntem 1 *'**, whnrr* my ittij^fb* f knowledge i#f C rrmaf} 
has intitr fried, 1 In i iu my * *»> and fffmr for tlir sitbmlrn 

wfiirli 1 made in tit* scfotal minion of i«y ttw «d bo k, Vonr 
nrrmim of tin* 1 View I Juinl, r* 4 tttr additam So our f.fm^kdpr 
m mrnUtmh. 1 tom? my little to 14 y on f!r ’ttlipt t, rmt if I 
hnd formerly 1 cad yrntr ittr.intiil and mt ynw nutfi^ but bad 
known nothin# of fit** proof* of $mm%t rjrtaiiwit, m#*i of >mw 
belief that fir inland** have no** %wr* stdnidrd, I have fi« 
doubt that I * 4 m\hl iuve unvOlrirtl them ai hunted *!urm# 
Mtb adenfe. J’aif I .Umll have I#<m* lan* h doubled m toy 
mind by tbe a* a unt vt *?. * p us if usually n found 

nttdh, an?! by tin* 1* ri tn om* udr ‘JnpiiMj m» f+mdtially 
hmnmh fir , fur fla% UMer fa* ?, a* far as toy mummy 
servo m<% h a vary tftiitmil and Mwvd wvj» ttulbdfd t a e> 
I always fotmtw skit a bank a! the |#tO|#i depth firnr*iili do* 
Mir fa* 0 would #;vr» mho m •§ irrf whtrh * mild no! tr if. a»t 
guislirjl from an at*41 Imiuml ibmup ntikakm I mmt Wi 
adhere to my op mom, that tlr amlh and tref* in dr 

niitlilf of tlr Partite ttnd lodum * brain inda nutnofrmo. 

Inti I fully affw with yon that iuili m flini of thr IVlrw 
Inlamht if of at all ftf«|it«n omififiif r ntd raalr my i;nmral 
ront hmum of trry littlt fn!ti#o ¥ntmr rdnorwiH t«ir4 * 4 ** 
l#ttwrf»« ns* It will !r 1 &tra»|f fart if foil not Ikhii 

1 In fl^ *'U t uml Omvm d*b ibr 

ilitijfCt r»f«; n%A fr^b b$ lii^ % * fd-. • /« *» !*■» i<* 114# »*b 

n in i!ff ,i 4 ri 

Eraalirord^ *?w w o oi 0^4,^ f p«* fi|^n 

f^flljrn hi, rf 4 ^ Aft^AWn, Ur> ilk bblr* 00*10 t 

tnir ««!?# Iwt fcltilfw 1 « 4 j /'*</-£* 

* /#/#mlittttn 0 Em i>m % tt,i» «| f |* §1# 
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suhndcnre c if the bed, of tht* gnat <r c )( ,, ,§:al J th u Hi 
affected the foum o ( tie coral-mb.' 1H a.tow! mitt 
dissent was sounded in if 70, when J. J, Ib'di 1 pT?b H I m 
observations on the llensmda h!.md\ am! 1 on »i hoe I that 1 
could be r xplainrd on the ground , of an mien .a 11 upv* *?d 
accumulations of calcareous sediment turns fH sfidiitK 
this contribution to the Mibjet t I ho win did smi u mam m 
second edition, and, prohabl>, it reaped lout; it ti. *„ kmr 
been conttadirted by the more recall oh ervabon* nf Profei 
Rice in 1881, and l*rof< ?# .or Ib'ifpnn in b d ,, 

The greatest contribution to the rnimovr; «y hi, li 
rendered by Dr, J* Murray, who, nher h*.* r*’)\na ftrun 
CAtMwj’fr Expedition (10 wlii# b ho r tod a * naiai ibs* , ns 
on April 5, 1880, a papet ’ before the Roy d ,Sm *Hy of Kdrobit 
which lias entirely livnltitifitusnl tlio n\mf4lr tum rpti 
coral-reef formation, anti modified to no Mmill degt* r in 
minds of thinking geotffkis the theory whirl* iKttmm \ 
mnlgattd of the polypes building t&J % on tucas of islcmhi 
He has pointed out that bartmi-iitrfs do not hy tlmmH 
prove depression, rdtire their bfr#ro may he am! ao* homed i 
tains of their own dt i h$t produ* n\ by w*ivr«aft?i?n s and ti 
where Mich a condition obtains, they appear al wghi 
consist of a solid, calcareous, coral like subs!am e which had li 
secreted by the polype-* in the exa<t Iwalsfy where they 
now fount!, and on a fieri wbi* h had umfeppme ilrptr* 
He has ftitllser feliottii that thna* i 4 amb wlerlj a,e h mgr J 
reeft* do not give any widenM 1 of gradual oh ,>H r *% ael 
moieover, Mates that, in hit opine ti, were tl ** platform*, 
which the reefs are bush, remnant of a pre emeriti ctiiibii 
which has beat submerged lie nr oh tie wave f % then it mi 
be expected to firwl trace* of nirata, other tinti vofomc, 
their flanks; ami tliii it it known u not thr rtni% %t\ 
the only rocks found arc lava i ami tolas Again, it n 
well-known fact that volcanic actum take* pla* n on 
1 Kenekentatrg, A a nrf t fault uk iVtu'tw *#00 70, p, ^7, 
s I**M* M§y» S*v. /'♦/«,, flffei# ft, 50$ 5 tmd Aftule M fi<< im-' 
StuytUfiiiiw vol, aval* yp* t/S 
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sea-bed, as well as on land, and that sometimes new islands 
are erupted, and sometimes submarine peaks. Thus islands 
like Ascension, St. Paul, Amsterdam, and Reunion were, it 
is evident from their petrological texture, formed in this way, 
and, indeed, in one of them •■■■■ Reunion—there are still two 
volcanic vents which from time to time throw out molten rock 
and cinders. 1 Etna and Vesuvius, it is also believed, originated 
as submat ine volcanoes on a sea-bed which was afterwards 
elevated f and in the rase of tl e Islands of Santorin and 
Thracia, their structure consists of trass, scoriae, and lava- 
sheets overlying mat hies and schists. Indeed these two 
islands form the rim of m vast volcanic crater which descends 
for 1,27! feet below the level of the sea. They are the ‘outward 
and visible signs 1 3 of an immense submarine volcanic peak 
which, geologically speaking, has been elevated during later 
times, since, on them, Von Fritsch has found in several places, 
tip to an altitude of nearly 600 feet above the sea-level, marine 
shells belonging to species which are now living in the sur¬ 
rounding ocean. Fouqud, who has studied these islands more 
finitely than any oilier observer, has arrived at the conclusion 
that 1 the volcano formed at one time a large island with 
wooded slope*, and a somewhat civilised human population, 
cultivating a fertile valley m the south-western district, and that 
in prehistoric times the tremendous explosion occurred whereby 
the centre of tlie Wand was blown out/® Many more examples 
may be found in our geological text-books. 4 

It h m such platform* m these that Dr. Murray would have 

1 Brazil® in Eerie hi ekr A* JT, CmL R$hh$amtmtt, 1875-1876? 

she Vitsin, In VA*an\ % iftHp 

3 Htrfoiiiui von Walimlmtiscn ami A. von Lastauk, D$r Aetna , 410, 

taiprfg, thKr>, v*ih ih p pj* 

* Compare on the Mihjrct; Fdhdi, Z, Dmtuh, GeoL €m» f xxii!., 

1871, pp. laj-aii; Foiirju/f’-i Smtotin it m Empiimm* Paris, fSSoj 
tlrildr, TfXt>Ih$k r? Dmdon, **»s. P- *JS- 

4 Knch m jakeWftrowmth /%r#Vn/ Geology^ Preitwich’* Manual 

of Geikte’s Tent Hook of Geology % and Philips' Manual of 

Geology* 
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us believe that coral-reefs are built. 1 Whether built 
sufficiently high to rise above the mu face of the sew and tl 
form islands, or brought up only to varying heights below i 
sea-level, these volcanic eminences tend to become platforms 
which coral-reefs may lie fanned,* 11nn* lie conceives ilia 
the volcanic peak be above the %w face, it will I m brought tin 
to the lower limit of breaker action by the force of the wnvei,- 



Fi*; 1 v 4 '»•» e c f ' -■ yam* 

wm the fair, for rxnmpV*, f balcmf-. i Un-i rt ihe Med I 
mmm 1 which aro;c on jt vb. i’ f ;i, u * v** irtive tulci 

crater, about thbty tilths oh th* or • /tin. :.m«s of ftii 
but which tv as noon demolished by ilie waves, until a «li#i 

*#§£ ilji; Mrat, Mm* Sot* £%*/, Fmmt 9 ih p» %%\ 
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scoriae alone remained to mark its former site—or if submarine 
and more than 100 feet below the surface, then it would tend to 
reach the bathymetrical zone at which the polypes live by 
accumulation on its summit of the dead shells of foraminifera, 
molluscs and other testaceous organisms. Then, on such a 
peak, it is evident that the coral-polypes, growing upwards, 
would assume the shape of an atoll. The windward side of a 
reef thus formed grows faster than the lagoon-side, because it is 
on that side that the currents bring food to the polypes; and as 
the atoll grows outward so the lagoon enlarges, owing to its 
water containing carbonic acid, derived from the decay of the 
polypes and the sea-weed brought in by the tides, which 
dissolves the dead coral and removes in solution the calcium 
carbonate of which it consists. The size of the lagoon can then 
be taken as a general index of the age of the reef. Similarly a 
firing ing-reef may be formed round an island which has not 
undergone, or is not undergoing, subsidence and become con* 
verted by extension outwards, on a talus of its own d&ris, into 
a barrier-reef; provided that, pari passu with the outward 
growth, the littoral side of the reef has its channel widened by 
flit* solvent action of the carbonic add in the water obtained 
by the di linttgtation of the dead polypes. Darwin did not 
live to tiring out a third edition of his book, and was 
therefore unable to criticise this theory which had been 
advanced by Murray. In fact, hi# only contribution to the 
controversy was a letter 1 which he wrote on May 5, x8Sr, to 
Alexander Agassis* and which, as It shows in a great measure 
that either his theory had been misrepresented or his work 
had not been given the justice which it deserved, must be 
rrftniflftced ben*. The letter k m follows You will have 
tt'fii Mr. MttrrayS views on the formation of atolls and barrier- 
reek. Before publishing my book, I thought long over the 
mm view, but only m far m ordinary marine organisms are 
concerned, for at that time little was known of the multitude 
of minute nmmte organisms. I rejected this view, as from 
the few (hedging* mack in the in the south temperate 

1 IJ/i m i iMUrs 9 / Chal ks Darwin^ vol Hi. p. 183. 
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regions, 1 concluded that shells, ilm smaller ennl% 
decayed, and were dissolved, when i»*d pt :r**| b$ 
deposition of sediment, and secliiitrnt omUl not amim 
in the open ocean. Certainly, slmlh, etc, wm: m « 
places completely rotten, and crumbled into mud lirwffj 
fingers; but you will know well wtiHfict this is in any d< 
common, I have exputssly said that n hank as the pi 
depth would give rtie to an atoll, which could not he i| 
guished from one formed during stilriklcitcfu 1 cm, htm 
hardly believe in the former presence of ;r# many batiks f 
having been no subsidence) m there are atoll* m the 1 
oceans, within a reasonable depth, on which minute oa 
organisms could have accumulated to the tltttknm of t 
hundred feet, , , . fray forgive me for troubling pm m 
length, but it has occurred [to me] that you might lie dhj 
to give, after your wide experience, your judgment. II 
wrong, the sooner I am knocked on the head and itimilii 
$0 much the better. It still seems to me a marvellous 1 
that there should not have been much, and long um\ 
subsidence in the beds of the great oceans 1 w%ft 
some doubly rich millionaire would take it into lih Iiti 
have borings made in some of the Pacific and Indian % 
and bring home cores for slicing from a depth of 500 m 
feet; 

Stimulated, perhaps by tills letter from Darwin, Agavdr 
to work on the Florida reef**, and, in the next year, publ 
a paper 1 which contained the ght of hie rr\r;iulr\ U\ 
paper, he considered that tbc r »e reefri cwihi *#«t !>-•* exph 
by the theory of subsidence ; but that tlir polyj t% have gj 
under the most favourable condition?* of food, irm; r 14? 11111 
oceanic currents, on banks which have Iren brought into 
bathymetrical sone by the accumulation of t‘»k:ifr#jn§ del 
4 This explanation/ he says, * tested m it b*r, been by j 
trating into the thickness of the beds undeslying the rorabi 

1 M$m. Amm Ami A fit am! Sit ,, v 4, xh p. toy; *rr »U 
“Three Cruite* of the Jl’ulte” iUuil Mm . /n+l Sh\ 

Uttm p ml xtv. tmi 
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seems a more natural one, for many of the phenomena at 
least, than that of the subsidence of the foundation to which 
the great vertical thickness of barrier-reefs has been hitherto 
referred. 1 He, however, acknowledges that it is ‘difficult 
to account for the great depth of some of the lagoons forty 
fathoms — on any other theory than that of subsidence. 
This explanation, however, appears to be negatived in some 
measure by the observations of some American geologists, 
among whom the names of W. 1L Dali and A. Heilprin may 
be specially mentioned. Thus, the former states 1 that 1 the 
coral formation observed by Agassiz in the region in the keys 
must be of very limited scope, as it has not been identified 
from the mainland of Florida by any modern geologist; 1 and 
the latter also notes* that 1 no observed facts sustain the coral 
theory of formation as propounded by Agassiz. ^ They prove, 
on the contrary, that the coral tract of Florida is confined to 
a border region on the south and south-east, and there are 
m tertiary reefs whatever,* 

More recent still than the observations of Agassiz are those 
of floppy,* who has spent several years among the islands of the 
Kutomon Archipelago. These observations, as far as they Wt*- 

cent the theories in question, may be briefly summarised. The 
tviands, by the masses of coral limestone which have been 
Imimt cut them, indicate elevation; these upheaved reefs are 
situated upon a basis of volcanic mud having the same character 
m that dredged tip by the Ckalhn&r Expedition from around 
volcanic islands; and this mud envelops * anciently sub¬ 
merged volcanic peaks,* He also states that corals thrive 
!i#%t in the breaker-wash, and do not flourish m the 4 break of 
the tide*swell that the detached reefs, which are submerged 
imitid these blinds, represent the earliest stage in reef-forma- 
tif,n f and that when they have in their growth upward reached 
i* height of from 4 to £ fathoms distant from the surface, 

* Amtf.fmm, S<cL t 3rd sen, xxslv. p. t 6 u 

s Tmm * W&gtter* Imi . $ti* t May, iSSy, 

* mm, S*. FJmK xxxii. p. $45 t ■**. 

*11, p* Iff. 
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they are nliable to extend higher, whin $ help of tlmi 
that the island* north of Sn rhmtova), called the «' 
Sisters,” commenced their grow*!* a* !»« ihM*»pped and 
merged reefs; anti that corah reef* inay grow from n * 
g renter than 2 | fathom*,—the condition* necessary brio 
itatc of the water, ami more particularly m m whether it r;i 
suspended mud, which ii often fata) to the hie *4 the pel 
And in a recent letter to Dr. Murray, wtuUi ha* been pub! 
in Afafew (voL xxxix. p. aji}» the same observer nifties th 
Ills opinion! many features of impottame were tiveiiookti 
Darwin when examining flit Keeling atoll, and that 
give no support whatever to the theory of subsidence. 

Lastly, Mr. G. CL Bourne has printed a very ifiitra 
paper 1 on the Chagot group, in which lie arrives at the 
elusion that the majority of the reefs in the Indian Ocean i 
evidence* of elevation ‘rather than of rest 1 ; Mi that ‘ceil! 
they are not evidences of subsidence * 1 II# challenge* the 
chief features In Murray’* theory—the shape and ebaraci 
lagoon* depending on the more vigorous growth of the pi 
mt the periphery of the reef owing to mt t«i'current*, ami 
solution of its interior by the carbonic acid la the water f 
states that it must be realised ‘that the laws governm*! 
formation of coml^reef* in exceedingly complex, ami 
many circumstances have to he taken into a* count before 
perfect explanation of their structure mm be obtained*’ * 1 
sea-water exercise* a solvent action upon rartvonate ml I 
does not admit of a doubt, and that the mur of 11#% < 
bland with the solvent action of the water* 4 *m affect 
extent and depth of a lagoon it obvious* Hut I challenge 
statement that the destructive agencies within an atoll i 
submerged bank art in excess of the ronsmntbc It wi 
be nearer the mark to say that they nearly U 4 *nc« one anon 
In the irtt place, tit carbonate of l«tt« held m mlmim 
sea-water I* deposited as crystalline limestone wt the interstl 
of dead corals or com! A fonfc Any one who 11 acquainted 1 
fee stricture of coralline rock* knows tew such 1 promt in 
1 Unu &m* % ftlttf* p. *Ht* j 
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a 14 head bccnnuM perfectly Milicl by the deposition 

1 4 Urn* within ’ti simj. 1 Uh depn%itton ran only be effected 
by the mfihtmhm t*f w,t iitw, In reckoning the solvent 
*,f w,4*w4?**r» there fore, acrntmt must be taken of the 
f-i'vt tbit? 4 not ok «t?deferable pioportbn of the carbonate of 
I mr held in %dn\mn h re* depositor! in tlt« form of crystalline 
l.mesbmr, of this, it Mr. Murray has not taken 

vibfViria fin r» mt, mtl lias, therefore overstated the destructive 
44«i ff of the s«m. Secondly, the giuwth of corals, and the 
consequent formation of coral-rock within the lagoon, ii 
generally overlooked, 

1 Whilst diving for corals at Diego Garcia, I had abundant 

opportunities of studying the formation of coral-rock within 
ilit lagoon, in depths under a fathoms* The layers of tolerably 
compact ramie thus formed are of no mean extent or thickness; 
they soon become covered with sand, and are thus protected 
fi#«i tilt solvent action of the water. I have found it impossible 
in reconcile Mr. Murray’s views with what I saw of coral growth 
within a lagoon. Hot only do the more delicate branching 
specie* #1 the madmpermim flourish in considerable numbers, 
but true t m f*building species, p#rites f mcsatirfrina, 

#.nd various stout species of mmirtforu art found there. It 
is a mistake to suppose that certain specie* of corals are 
restricted to the external shores, others to the lagoon. My 
eollectioua proved that many of the species growing in the 
lagoon at distances of five miles and upwards from its outlet 
are identical with those growing m the outer tml In addition 
to them are numerous specks, such as Siri&toperm strict^ 
iim$m mrfmk&Mi Fmim Mi%im % Fungi* dentate, and many 
other* that ate not found m the outside* The reason ii that 
lit# lait«ttamed are either free forms such as fungi** or are 
attached by such slender and fragile stems to their supports that 
tiff could not pewibty obtain a foothold and maintain them* 
selves among the powerful currents and waves of the open ocean* 

•These various epecies, numbers of which grow dose together, 
form knolls and patches within the lagoon, and it cannot be 
doubted that their tendency Ii to fit it up* Again, In reefs 
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which do not rise above the surface,, or are awash for the 

greater part of their extent at low tides, great quantities of 
dibriSj torn from the outer slopes, are constantly carried over 

the rim of the reef and tend to fill it up. Hence it follows that 
in a lagoon entirely surrounded by dry land, or nearly so, as is 
the case at Diego Garda, the tendency to the accumulation of 
material within the lagoon would be less than in submerged or 
incomplete atolls, for dibris cannot be swept over into the 
lagoon, and the only constructive agency is the growth of corah 
If the power of solution of tea-water is to great, it must be 
supposed that in complete or nearly complete atolls the lagoon 
would be deepening rather than shallowing; yet at Diego 
Garcia the lagoon k obviously shallowing in many places, and 
has nowhere increased m depth since Captain Moresby’s 
survey in 1837* Indeed, the southern part seemed to have 
shoaled a fathom since that time, and till* i« the more remark¬ 
able, since the S.Ii trade-winds are by far the most constant 
and strongest winds there, and tend to accumulate material at 
the northern rather than the southern end. The fact is, that 
these winds sweep the %md out of the southern pari, and thus 
leave an area particularly favourably situated for the growth of 
corals. Mr. Murray points out that larger atolls generally 
have deeper lagoons than small atolls, and urges this fact tn 
support of his theory; but here again the facts in the Chagas 
group are against him. Victory Hank is a submerged atoll, 
the Solomons is an atoll with a large extent of dry land ; lit 
each the lagoon attains a depth of 17-18 fathoms, and In Diego 
Garcia the lagoon, although for larger, does not attain & 
greater depth. Perm tkmhm h far smaller than the Great 
Chagos Bank, yet in both the lagoons attain nearly the same 
maximum depth, vit„ 41 fathom? for l¥tm Bankov, 44 fathoms 
for the Great Chigoe Bank. Speaker’s Bank is very little 
larger than fttm Barthes 5 Its lagoon is far shallower, having 
a maximum depth of 24 fathoms. , , . Corah grow test in 
places where a moderate current low* constantly over them. 
They are killed in still water by she deposition of sediment, and 
they will not grow In placet whom a strong current seta directly 
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against them, I noted at Diego Garcia in many places, but 
particularly at the east end of East Islet, that a strong and 

* dirra ocean current is most unfavourable to coral growth, and 
iliac the reef h barren and suffering rapid erosion at such spots 

the whole force of the current to fall directly upon 
llif'fiL As the current parts and flows round the obstacle, 
one mem with a reef covered with dSris, but barren of 
live coral ; further on, as the current moderates in force, 
one finds a few growing heads of coral; and, finally, at 
llie further end of the reef, where the current has abated 
it 1 ! force considerably, there is a luxuriant bed of living 
mmh and Alcyonaria. This can be seen in perfection on 
the southern reef of East Islet. Dr. Hickson tells me that 
tie lias observed the same facts at Celebes, that direct and 
strong currents are unfavourable to coral growth, that moderate 
tangential currents are extremely favourable, and sluggish or 
Mill water again unfavourable. This view, which both of us 
ran support by many observations, is much at variance with 
the old accepted saying that corals grow best where the 
hrmkm% are the heaviest It appeared to me that heavy 
breakers are not favourable to coral growth, because of the quan¬ 
tify of shingle which they dash against the soft-bodied polypea 
Home massive forms might withstand the force of breakers 

•' and violent currents if the polypes could be sufficiently pro¬ 

tected from the shingle, but the branching madrepores are soorj, 
broken off and swept away, and even the more massive mean- 
tirim soon follows, for whilst the surface of the colony grows 

* the base i» dead, is soon riddled by boring sponges, serpulee, 
etc # and i§ no longer able to bear the strain put upon it The 
t:»rmt mass then breaks off, and is rolled along the reef, pound- 

" mu other corah in its course/ 

* The whole question is still under consideration, and the 
reader mmi judge for himself which of these theories he will 
accept But it may be stated that Professor Dana 1 —a dis- 
liitguitherl authority artel student of corals—has advanced his 

f opinion that € all the hypotheses of objection to Darwin’s 

1 Am, Jmm. $ci* % i%$$, p* 190. 
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theory are alike weak, for all have made these processes 
(t.e.f solution and abrasion) their chief reliance, whether appeal¬ 
ing to' a calcareous, a volcanic, or a mountain-peak basement 
for the structure. The subsidence which the Darwinian theory 
requires has not been opposed by the mention of any fact at 
variance with it, nor by setting aside Darwin’s arguments in its 
favour; and it has found new support in the soundings off 
Tahiti that have been put in array against it, and strong cor¬ 
roboration in the facts from the West Indies.’ And if at such 
an early stage another impartial opinion may be expressed, it is 
this one :—that many of Darwin’s critics have not carefully 
read his work, and that, so far as the controversy has, as yet, 
advanced, the theory of subsidence accounts for the majority, if 
not all, of the features of coral-reef formation. On no other 
theory, indeed, can the African element in the Indian fauna be 
explained than on the supposition that land once stretched 
between Mozambique and the Malabar coast which has become 
depressed, and which is now alone represented by the Chagos 
Bank, the Saya de Malha, and the Laccadive and Maidive 
Islands. Darwin died on April 19, 1882, and, if we may judge 
by his letters, he remained convinced to the last of the*general 
truthfulness of his theory. But, no matter how future observa¬ 
tions may decide, had he written no other work and simply 
rested on his laurels, this book alone by its very inductive 
reasoning and patient marshalling of facts would have remained 
as an- everlasting monument of scientific acumen, and would 
have placed him in the front rank of investigators. 

In bringing this book, as far as possible, up to the date of our 
present information on the subject, the Editor has made free 
use of Professor Bonney’s Appendix to the third edition of 
Darwin’s Coral Reefs (Smith, Elder, & Co.), and of Professor 
Geikie’s Address to the Royal Physical Society of Edinburgh 
(Proceedings, voL viir. p. 1). He has also to thank Ills friend, 
Mr. A. Paling, for several valuable suggestions, and for kindly 
revising the sheets during the time they were passing through 
the press. 


JOSEPH W. WILLIAMS. 
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PREFACE. 


I shall have occasion, in many parts of the following 
volume, to acknowledge the valuable information I have 
received from several persons ; but I must particularly 

express my obligations to Captain R. Moresby, I.N., who 
conducted the survey of the Red Sea, and of the archi- 
pchkftocs of low coral-islands in the Indian Ocean. I beg 
also to be permitted to return my best thanks to Captain 
Beaufort, R.N., for having given me free access to the 
charts in the Admiralty, as well as to Captain Beecher, 
R,N. f for most kindly aiding me in consulting them. My 
thanks are likewise especially due to Captain Washington, 
R.N., for tils invariable desire to assist me in every possible 
manner. Having Jn former publications had the pleasure 
of acknowledging how much I owe to Captain Pitzroy* for 
having permitted me to volunteer my services on board 
JiltS. Jfiag 4 and for his uniform kindness in giving me 
assistance in my researches, I can here only repeat my 
obligations to him. The materials for this volume were 
nearly ready two years ago; but owing to ill-health its 
publication has been delayed. The two succeeding Parts,— 
one on the volcanic islands visited during the voyage of the 
Meagli 9 and the other on South America,—will appear as 
m&n m they can be prepared 

wmtM&j? 1I41. 
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PLATE L 

In tlie several original surveys, from which the small plan? on 

these plates have been reduced, the coral-reels are engraved 
in very different styles. For the sake of uniformity, I have 
adoptee! the style used in the charts of the Chagos Archi¬ 
pelago, published by the East Indian Company, from the 
survey by Capt. Moresby and Lieut Powell The surface 
of the reef, which dries at low water, is represented 
by a surface with small crosses : the coral-islets on the reef 
are marked by small linear spaces, on which a few cocoa- 
nut trees, out of all proportion too large, have been 
introduced for the sake of dearness, The entire annular 
rmf % which when surrounding an open expanse of water, 
forms m * atoll/ and when surrounding one or more high 
iilftndft, form* m encircling 1 barrier-reef,’ has a nearly 
uniform structure. The reefs in some of the original 
surveys are represented merely by a single line with 
crosses, so that their breadth is not given; I have had 
ittch reefs engraved of the width usually attained by coral- 
reefs. I have not thought It worth while to introduce all 
those small and very numerous reefs, which occur within 
the Upuw% of most atolls and within the lagoon-channels 
of muut barrier*reefs, mid which stand either isolated, or 
me attached to the tdiorcu of the reef or land. At Pet os 
Ilaiihw# mine of the lagoon-reefs rise to the surface of the 
water; a few of them have been introduced, and are 
marked by plain dotted circles. A few of the deepest 
wiufttltfigi are laid down within each reef; they are in 
fatbom% of six English feet 
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Fig. L-—Vanikoro, situated in the western part of the South 
Pacific; taken from the survey by Capt D’Urville in tha 
Astrolabe; the soundings on the southern side of the 
island, namely, from 30 to 40 fathoms, are given from 
the voyage of the Chev. Dillon ; the other soundings are 
laid down from the survey by D’Urville ; height of the 
summit of the island is 3,032 feet The principal small 
detached reefs within the lagoon-channd have in this 
instance been represented. The southern shore of the 
island is narrowly fringed by a reef: if the engraver had 
carried this reef entirely round both islands, this figure 
would have served (by leaving out in imagination the 
barrier-reef) as a good specimen of an abruptly-iicled 
island, surrounded by a reef of the fringing dais. 

Fig. 2 .—Menchikoff atoll (or lagoon-island), in the Marshall 
Archipelago, Northern Pacific Ocean; from 

Atlas of the Pacific; originally surveyed by Capt. Hage* 
meister; the depth within the lagoons is unknown. 

Fig. 3.—PouTNipfeTE, or Sbhtkavxmk, In the Caroline Archi¬ 
pelago ; from the survey by Admiral Lulled 

PLATE II. 

Fig. 1 .—Bolabola, in the Society Archipelago, from the 
survey of Capt Duperrey in the the smimlmgs 

In this and the following figures have been altered from 

French feet to English fathoms; height of highest point of 
the island 4,026 feet* 

Fig. 2.--KEEUN0, or Cacoi atom, (or lagciondihuid), in the 
Indian Ocean ; front the survey by Cap!. Fiuroy $ tin* 
lagoon south of the dotted line is very shallow, and h left 
almost bare at low water; the part north of the line h 
choked up with irregular reefs. The annular rmf m the 
north-west side is broken, and blends into a shoal mod- 
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Fig, 3.—HOGOLRU, or Roug, in the Caroline Archipelago; 
taken from the A Has of the Voyage of the Astrolabe, 
compiled from the surveys of Captains Duperrey and 
D’Urville; the depth of the immense lagoon-like space 
within the reef is not known. 

Fig. 4.— Kaxatea, in the Society Archipelago; from the map 
given in the quarto edition of Cootts First Voyage; it is 
probably not accurate. 

Fig, 5 .—GambiEE Islands, in the southern part of the Low 
Archipelago; from the survey by Capt. Reechey; height 
of highest island, 1,246 feet ; the islands are surrounded by 
extensive and irregular reefs; the reef on the southern side 

is submerged 


PLATE III. 

Fig, 1 .—Maijrua, in the Society Archipelago ; from the survey 
by Capt. Duperrey in the Coquillc ; height of land about 

too feet 

Fig, 2,—Mauhva Archipelago, in the Indian Ocean; from 

the Miivey by Capt Moresby and Lieut. Powell. 

Fig, 3.— New Caledonia, in the western part of the Pacific; 
front Krusenttern’s Atlas, compiled from several sur¬ 
veys; I have slightly altered the northern point of the 
reef, in accordance with the Atlas of the Voyage of the 
Astrolabe. In Krusenstern’s Atlas, the reef is repre¬ 
sented by it single line with crosses; I have for the sake 
of uniformity added an interior line. 

Fig, 4,—MAtlf.OS Maiidoo ATOLL, together with Horsburgh 
atoll, in tilts Maldiva Archipelago; from the survey by 

Capt Moresby and Lieut Powell; the white spaces 
in the middle of the separate small reefs, both on the 
margin and in the middle part, are meant to represent 
little lagornw * but it uai found not possible to distinguish 

them dearly from the small islets* which have been formed 
on time same small reefs; many of the smaller reefs could 
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not be Introduced; the nautical nuuk { '•) oyer the figures 

250 and 200, between Mnlilns Mahdoo and Ilnrsburgh afoll 

and Powell’s island, signifies that soundings were not 
obtained at these depths. 

Fig. 5.—Bow, or He you atoll (or lagoon-bland), in the Low 
Archipelago, from the survey by Cap!. Hmrhey, U.N,; 
the lagoon is choked up with rcefs, Hut the average greatest 
depth of about 20 fathoms, is given from the published 

account of the voyage. 

PLATE IV. 

Fig, r.— Great Chagos Bank, in the Indian Ocean; tahmi 
from the survey by Capt. M«r« by and Idem, Powell ; 
the parts which are shaded, with the exception id two 
or three islets on the western and not them \hU?* 9 do 
not rise to the surface, hut are :mhmni®t *4 fiotit 4 It# 
to fathoms; the banks bounded by the doited line* In? 
from 15 to 20 fathoms beneath the surface, and mn 
formed of sand; the central space is of mud, and from 
30 to 50 fathoms deep. 

Fig. 2.—A vertical section, on the same scale, in an E» and W. 
line across the Great Chagos Bank, given for the take of 

exhibiting more clearly its structure. 

Fig. 3 .—Peros Bamkos atoll (or lagoon-bland), in the 
Chagos group in the Indian Ocean; from the *tjr%'t*y by 
Capt* Moresby and Lieut. Ibnicll ; not itrfitly all the 
small submerged reefs in the lagoon are rrpu <venu.il; thy 
annular reef on the southern side is submerged. 

PLATE V. 

The principle# on which this map was coloured art explained 
In the beginning of Chapter VL; and the authorities for 
each particular spot are detailed in the Appendix. *rtf§ 
names printed in italics in the Index refer to the Appendix# 
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INTRODUCTION. 

Tim object of this volume is to describe from my own 
observation and the works of others, the principal kinds of 
coral-reefs, more especially those occurring in the open 
ocean, and to explain the origin of their peculiar forms. 
I do not here treat of the polypifers, which construct these 
vast works, except so far as relates to their distribution, 
and to the conditions favourable to their vigorous growth. 
Without any distinct intention to classify coral-reefs, most 
vi pagers have spoken of them under the following heads: 
1 lagoomMandV or 1 atolls , 1 1 barrier * or * encircling 
reels/ and * fringing 1 or 4 shore-reefs/ The lagoon- 
hlands have received much the most attention; and it is 
not surprising, for every one must be struck with astonish¬ 
ment, when he first lieholdts one of these vast rings of 
coral-rock, often many leagues in diameter, here and there 
surmounted by a low verdant island with dazzling white 
shores, bathed on the outside by the foaming breakers of 
the ocean, and on the inside surrounding a calm expanse of 
water, which from reflection, is of a bright but pale green 
colour* The naturalist will fed this astonishment more 
deeply after having examined the soft and almost gelatinous 
bodies of th c?« apparently insignificant creatures, and when 
he know* that the solid reef increases only on the outer 
edge, which day and night is lashed by the breakers of an 
Win never at rest* Well did Francois Fyrard de Laval, 
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In the yetr 1605, exclaim, 11 (Jest une indrucillc tie voir 
ehaeurt cie ces atollons, enuirotuu* cfitti grand banc de 

plerre tout autour, n*y ayant point d'artifice humain.” The 
accompanying sketch of Whitsunday Island, in the South 
Pacific, taken from Capt. Becchey’s admirable Vovat**, 
although excellent of its kind, gives hut a faint idea of the 

singular aspect of one of these lagoon-islands. 



Whitsunday Island h of small si/e, and the whole circle 
has been converted into land, which is a comparatively rate 
circumstance. As the reef of a lagoon iilanil generally 
supports many separate small island ^ the word ‘island/ 
applied to the whole, is often the cause of confusion; 
hence 1 have invariably used in this volume the term 
1 atoll/ which I» the name given to these circular groups of 
coral-islets by their inhabitants in the Indian Ocean, and h 
synonymous with 4 lagoon island/ 

Barrier-reefs, when encircling small islands, have been 
r omparativeJy little noticed by voyagers• but they well 
deserve attention* In their structure they arc little Um 
marvellous than atolls, and they give it singular and must 
picturesque character to the scenery of the Mauds they 
surround. In the accompanying sketch, taken from the 
V^yag/t #f tht CuquiUt* the reef ti mm front within, 
from one of the high peaks of the island of liolaliok* 1 

* I fsftwi taken flic llltcity trf simplifying flit foreground, #nd leaving 
out a utottnUifiw* Ultra! in fit* far illfiium 










circumstance of rare occurrence; more usually a snow- 
white line of great breakers, with here and there an islet 
crowned by cocoa-nut trees, separates the smooth waters of 
the lagoon-like channel from the waves of the open sett. The 
barrier-reefs of Australia and of Hew Caledonia, owing to 
their enormous dimensions, have excited much attention: 
in structure and form they resemble those encircling many 
of the smaller islands in the Pacific Ocean. 


With respect to fringing, or shore-reefs, there is little in 
their structure which needs explanation; and their name 
expresses their comparatively small extension. They differ 
from barrier-reefs in not lying so far from the shore, and in 
not having within a broad channel of deep water. Reefs 
also occur around submerged banks of sediment and of 
worn-down rock ; and others are scattered quite irregularly 
where the sea is very shallow; these in most respects are 
allied to those of the fringing class, but they are of com¬ 
paratively little interest 

I have given a separate chapter to each of the above 
classes, and have described some one reef or island, on 
which I possessed most information, as typical; and have 
afterwards compared it with others of a like kind. Although 
this clarification Is useful from being obvious, and from 
Including most of the coral-reefs existing in the open sea, it 
admits of a more fundamental division into barrier and 
gtoMoimed reefs on the one hand, where there Is a great 
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apparent difficulty with respect to the foumkith >n on which 

they must first have grown; and into fringiYg reefs on tlm 
other, where, owing to the nature of tin slope of the adjoin¬ 
ing land, there is no such difficulty. The two blue tints 
and the red colour on the map (Plate represent thus 
main division, as explained in the beginning of the tost 
chapter. In the Appendix, every existing mini reef, exempt 
some on the coast of Ilra/:1 not included In tin: map, is 
briefly described in geographical order, as far m I pm* s-v.vd 
information; and any particular sput may he found by 
consulting the Index. 

Several theories have been advanced to explain the origin 
of atolls, or lagoon-islands, hut scarcely one to account for 
barrier-reefs. From the limited depths at uliich reef build* 
ing polypifers can flourish, taken into comidcratiun with 
certairt other drcuimtatu es, we are compelled to conclude, 
as it will be seen, that both in a tolls and harrwr-mrb, the 
foundation on which the coral was primarily attached, tm 
subsided; and that during the* downward movement, tht? 
reefs have grown upwards Tim crmchidon, it will be 
further seen, explains most satisfactorily the oittlinc ami 
general form of atolls and barrier-reds, and likewise certain 
peculiarities in their structure. The distribution, &too f of 
the different kinds of coral reefs, and their podtion with 
relation to the areas of recent elevation, and to the pmet% 
subject to volcanic eruptions, fully accord with this theory 
of their origin. 1 

1 A brief account of my view* on coral format mm, now in 

my Journal of Researches, wa» read May 315*1, 1837, the fh-o- 

logical Society, and an abstract Um appeared lit tlw Ihroceediftft*. 
(Reprinted at the end of this volume.—Kn«) 
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B.~0tater m\rn of that flit part ut ttm w»'l ^ iW ’' " il h«* ^ \ *h« 

mlg& ©It!i«*r cwnltite of a rwriwt tttMtm*!, ;a rr|*r^r*j|«4, t-x **f nutjy ■! 
like thcHWia Utll« farther »ifawnr4* ht*m‘*trh fli** 

<J.~A Hatwf coral-frock. r«»mr»l ut Ijifli «.»♦* r. 

Ik —A low firri-jicliitg l»i4g« <4 BrrivUts 4 4 r 'S^l *’ ^ 4 ^ ^ Oh? *:****'* ’ll 

high water. 

K,—A atop* of Imw f*mpti«K by fli^ ** r wnry 4«*!i*.: r^te*: Mi* 

np{n#r part,, which In from mx to tw^Svw frr-t hi jfc* H *'b lh*‘4 »if!i *» 

The wrfarii of the hlofc n^Htly *te*p« t« tho Ii4ri«w»« 

F.--"Level of the fa%(mn at !bw wateir. 

The section h true to the M\de in A Uori/mittl line, hut 
it could not be made so in a verb* .'*1 «««% a, tin* iivrn*:»* 
greatest height of the land Im only h«iwmi \ix and twdrr 
feet above high-water mark. I will <!?' uil nr flu* svethm, 
commencing with the outer mar/jm I imi*t fimt olr^ciic 
that the reef-building polypi fer*, w*t being tklil mtinwls 
require to be constantly mibtnergtul or wushu! If fW 
breakers, I was assured by Mr, Or Jh a very tofHligcut 
resident on these blanch, as well as by some rlskf* ai 
Tahiti (Otahdte), that an exposure to the r *ya of flic mn 
for a very short time invariably catrrs thnr dr-ami lion* 
Hence it is pemibk? only tinder the fumiiAhk circum¬ 
stances, afforded by an tmmually b thh and smooth 
water, to reach the outer margin, where tin* roral b aliv*\ 
1 succeeded only twice in gaining tbh part, and found if 
almost entirely componed of a living Poriles wliifli ft iron 
great irregularly rounded maws (like thaw of sin A *4 mm, 
but larger) from four to eight feci lifted, and link hv* in 
thickness* The* mounds are mimutml imm each other 
by narrow crooked channels, about six fact deep, %m%l oi 
which intersect the line of reef it right angle*. On tfm 
furthest mound, which I wm able to ntvh by the ni rdf n 
leaping*pole, and over which the sea broke with some 

1 That li f sharp angular fragments of aMt*fr«k partially ## wholly 
eaateated together by eaMtitt cartioaata*-*- Em» 
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violence, although the day was quite calm and the tide low, 
the polypifers in the uppermost cells were all dead, but 
between three and four inches lower down on its side they 
were living, and formed a projecting border round the upper 
and dead surface. The coral being thus checked in its 
upward growth, extends laterally, and hence most of the 
masses, especially those a little further inwards, had broad 
flat dead summits. On the oilier hand I could see, during 
the recoil of the breakers, that a few yards further seaward, 
the whole convex surface of the Poritcs was alive; so that 
the point where we were standing was almost on the exact 
upward and shoreward limit of existence of those corals 
which form the outer margin of the reef. We shall presently 
j-cc that there are other organic productions, fitted to bear a 
somewhat longer exposure to the air and sun. 

Next, but much inferior in importance to the Porites, 
is the Milkpora comptanafa d It grows in thick vertical 
plates, intersecting each other at various angles, and forms 
an exceedingly strong honeycombed mass, which generally 
affects a circular form, the marginal plates alone being 
alive Between these plates and in the protected crevices 
on the reef, a multitude of brandling zoophytes and other 
productions flourish, but the Pontes and Millepora alone 
mem able to resist the fury of the breakers on its upper 
and outer edge: at the depth of a few fathoms other kinds 
of stony corals live. Mr. Desk, who was intimately 
acquainted with every part of this reef, and likewise with 
that of North Keeling atoll, assured me that these corals 
invariably compose the outer margin. The lagoon is 
inhabited by quite a distinct set of corals, generally brittle 

1 Tlii* Milbrpora (Mmipora of Blainville)# a* well as the A/. 

aMmmiSf possesses the singular property of stinging the skin where 
ft k delicate, m m the face and arm. 
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ami thinly braitdird; hit ;t l^nn » m t,m 

same impedes with that on s f nnd n * i*\ 

although it dots not Mmtii V* thuim, mi 4 rh*n 

not attain the tbmivmdth gmt m hulk of the m * v< "» 
opposed to the breakers. 

The woodcut shows the Unut *4 the hmtmi of tin: 
reef; the water deepens for a space hrtwern one and two 
hundred yards wide, very gradually to 25 fathoms (A lit 
section), beyond which the sides plunge into the unuthom* 
able ocean at an angle of 45*. 1 1© the depth of ten or 
twelve fathoms the bottom 11 exrecdiiigly rugged, and seems 
formed of great masses of living coral, similar to those 
on the margin* The arming f ! the had fore bov? c 
came up quite clean, but deeply indented, and * H fo > 
and anchors which were lowered, in the hopes of tearing 
up the coal, were broken* Many until! fragments, bow* 
ever, of Milkp&m mkmrnit were brought up; and on 
the arming front an eight-fatlmm t, i!cie 3 frffdt 
impression of an Astriea, apparently alive* I examined 
the rolled fragments cast ©11 the beach during plrt* in 
order further to ascertain what corah grew outside the 
reef* The fragments consisted of many kinds, of which 
the forties already mentioned and a Madrepora, apparently 
the M* mr^mhm, were the most abundant As i searched 
in vain in the hollows on the reef and in the lagoon* Im 
% living specimen of this Madrepore* 1 conclude that it 

l The •cmlta$t>t (turn which tfib I* 1*14 wn* iAnt 

with gnat cure If Chptaia Plumy himself* H« «*** * 

lmd 9 having a diameter of km imim, m4 th* ea'fc nmf 

were cat of mi brought on kmti lit mm fo llm 

It a prepaiaikm of tallow* placid In Ilf omcuivtiy at lh« of 

the lead* Hand* and mm small Imgmmu til rock, will adhaft In 

hi mi if the bottom It erf feck it bring* tip » 'mpmlm of 

tHWfiMh 
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is confined to a zone outside, and beneath the surface, 
where it must be very abundant Fragments of the Mille- 
pora alcicornis and of an Astraea were also numerous; 
the former is found, but not in proportionate numbers, 
in the hollows on the reef; but the Astraea I did not see 
living. Hence we may infer, that these are the kinds of 
coral which form the rugged sloping surface (represented 
in the woodcut by an uneven line), round and beneath 
the external margin. Between 12 and 20 fathoms the 
arming came up an equal number of times smoothed with 
sand, and indented with coral: an anchor and lead were 
lost at the respective depths of 13 and 16 fathoms. 
Out of twenty-five soundings taken at a greater depth 
than 20 fathoms, every one showed the bottom was 
covered with sand; whereas, at a less depth than 12 
fathoms, every sounding showed that it was exceedingly 
rugged, and free from all extraneous particles. Two sound¬ 
ings were obtained at the depth of 360 fathoms, and several 
between 200 and 300 fathoms. The sand brought up 
from these depths consisted of finely triturated fragments 
of stony zoophytes, but not, as far as I could distinguish, 
of a particle of any lamelliform genus: fragments of shells 
were rare. 

At a distance of 2,200 yards from the breakers, Captain 
Fitzroy found no bottom with a line of 7,200 feet in length; 
hence the submarine slope of this coral formation is steeper 
than that of any volcanic cone. Off the mouth of the 
lagoon, and likewise off the northern point of the atoll, 
where the currents act violently, the inclination, owing to 
the accumulation of sediment, is less. As the arming of 
the lead from all the greater • depths showed a smooth 
sandy bottom, I at first concluded that the whole consisted 
ef a vast conical pile of calcareous sand, but the sudden 
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increase of depth at some points, and the circumstance 
of the line having been cut, as if rubbed, when between 
5 00 and 600 fathoms were out, indicate the probable 
existence of submarine cliffs. 

On the margin of the reefs, close within the line where 
the upper surface of the Pontes and of the Millepora is 
dead, three species of Nullipora flourish. One grows in 
thin sheets, like a lichen on old trees; the second in stony 
knobs, as thick as a man's finger, radiating from a common 
centre ; and the third, which is less common, in a moss-like 
reticulation of thin, but perfectly rigid branches. 1 The 
three species occur either separately or mingled together; 
and they form by their successive growth a layer two or 
three feet in thickness, which in some cases is hard, but 
where formed of the lichen-like kind, readily yields an 
impression to the hammer: the surface is of a reddish 
colour. These Nullipora, although able to exist above 
the limit of true corals, seem to require to be bathed during 
the greater part of each tide by breaking water, for they are 
not found in any abundance in the protected hollows on the 
back part of the reef, where they might be immersed either 
during the whole or an equal proportional time of each tide. 
It m remarkable that organic productions of such extreme 
simplicity, for the Nullipora 2 undoubtedly belong to one of 

1 This last species is of a beautiful bright peach-blossom colour. Its 
branches are about as thick as crow-quills; they are slightly flattened 
ami knobbed at the extremities. The extremities only are alive and 
brightly coloured. The two other species are of a dirty purplish-white. 
The second specie* is extremely hard ; its short knob-like branches are 
cylindrical, and do not grow thicker at their extremities. 

* The Nultipores belong to the Corailinacese, a group of the sub-class 
Curpopliyce* and the class Algse. Their distinctive characteristic is 
the encrustation of the thalli with calcium carbonate, hence their 
retemblauce to the true corals.—E d. 
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the lowest classes of the vegetable kingdom, should be 
limited to a zone so peculiarly circumstanced. Hence the 
layer composed by their growth merely fringes the reef for 
a space of about 20 yards in width, either under the form of 
separate mammillated 1 projections, where the outer masses 
of coral are separate, or, more commonly, where the corals 
are united into a solid margin, as a continuous smooth 
convex mound (B in woodcut), like an artificial breakwater. 
Both the mound and mammillated projections stand about 
three feet higher than any other part of the reef, by which 
term I do not include the islets, formed by the accumula¬ 
tion of rolled fragments. We shall hereafter see that other 
coral-reefs are protected by a similar thick growth of 
Nulliporse on the outer margin, the part most exposed to the 
breakers, and this must effectually aid in preserving it from 
being worn down. 

The woodcut represents a section across one of the islets 
on the reef, but if all that part which is above the level of C 
were removed, the section would be that of the simple reef, 
as it occurs where no islet has been formed. It is this reef 
which essentially forms the atoll. It is a ring, enclos¬ 
ing the lagoon on all sides except at the northern end, 
where there are two open spaces, through one of which 
ships can enter. The reef varies in width from 250 to 
300 yards; its surface is level, or very slightly inclined 
towards the lagoon, and at high tide the sea breaks 
entirely over it: the water at low tide thrown by the breakers 
on the reef, is carried by the many narrow and shoal gullies 
or channels on its surface, into the lagoon : a return stream 
sets out of the lagoon through the main entrance. The 
most frequent coral in the hollows on the reef is Pocillojbora 
verrucosa which grows in short sinuous plates, or branches, 
1 Nipple-shaped.— Ed. 
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and when alive is of a b**a tUtil pale Id.'' f *: a M * 

pora, closely allied or idenlsTai wlii (/./*' i • i* m ? 

common. Ah soon an an i^Hrt h f^no *4, am I Jim ww* ; ire 

prevented breaking entifrly ovm tlir ^ t> ? V < and 

hollows in it ber.onn fill il op with * < a* >/d li.aovn* * 
and its surface is converted into a h rd .one ;h i! * t * *. of 
woodcut), like an aitihdal one of , \'a>< iUt air* 

face varies in width from i*v? to av*, or cv<*o 
and is strewed with a few hr//: frm/mm it «T *» ml tnrn nji 
during gales; it is uncovered on!/ it 1 >*v w.u u» 1 
with difficulty, and only by the aid of 4 »hd-l, pi 4 me 
chips of rock from its nttrfa^s nod tie p i*>y* * ^ *M iml 
ascertain how much of it is by l m 1 f , y * * ? *0 *4 

detritus, and how mu# It by the outward ,jmnh mi m -on b 
of corals, similar to thom* now Ivin,; on ilu* m nym, 
Nothing can he more singular tb>» tb>* ;7;:oumr a? low 
tide of this ^ai* of naked %fom\ i whirr g 14 

externally bounded by the smooth t nvv tmrnm! uf 
Nullipori®, appearing like n hrenkwat’ r h,od »o r»".ht the 
waves, which arc constantly “*'0 h 0.,vi. id 

foaming water The c!i»tr*v t^riitio aj pt-arw'* of ihU 
'flat* is shown in the foregoing of WuiVmvhy 

atoll 

The islets on the reef are ftrd foniir?! IkU^ii %n 4 
300 yards from its outer edge, through the m vnnmhtmn uf 

a pile of fragments, thrown together by some unusually 
strong gale. Their ordinary width is under a quarter of a 
mil% and their length varies from a few yards 10 several 
miles* Those on the 8.E* and windward *«l«? of the 
increase solely by the addition of fragment* m their outer 
tide 1 hence the toe (docks of corat, of which their sur* 
face it composed, ai well m the sheila mingled with them, 
almost exclusively consist of those kind# which Um cut the 
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outer coast. The highest part of the islets (excepting 
hillocks of blown sand, some of which are 30 feet high) is 
close to the outer beach (E of the woodcut), and averages 
from six to ten feet above ordinary high-water mark. From 
the outer beach the surface slopes gently to the shores of 
the lagoon, which no doubt has been caused by the 
breakers, the further they have rolled over the reef, having 
had less power to throw up fragments. The little waves of 
the lagoon heap up sand and fragments of thinly-branched 
corals on the inner side of the islets on the leeward side of 
the atoll; and these islets are broader than those to wind¬ 
ward, some being even 800 yards in width; but the land 
thus added is very low. The fragments beneath the sur¬ 
face are cemented into a solid mass, which is exposed as a 
ledge (D of the woodcut), projecting some yards in front of 
the outer shore and from two to four feet high. This ledge 
is just reached by the waves at ordinary high-water: it 
extends in front of all the islets, and everywhere has a 
water-worn and scooped appearance. The fragments of 
coral which are occasionally cast on the ‘flat 7 are during 
gales of unusual violence swept together on the beach, 
where the waves each day at high-water tend to remove 
and gradually wear them down; but the lower fragments 
having become firmly cemented together by the percolation 
of calcareous matter, resist the daily tides longer, and hence 
project as a ledge. The cemented mass is generally of a 
white colour, but in some few parts reddish from ferruginous 
matter; it is very hard, and is sonorous under the hammer; 
it is obscurely divided by seams, dipping at a small angle 
seaward; it consists of fragments of the corals which grow 
on the outer margin, some quite and others partially 
rounded, some small and others between two and three 
feet across; and of masses of previously formed 
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conglomerate, tom up, rounded, aul r«*<mm nm4 ; <r it«mi* 

sists of a calcareous saiidstoin*, mti 40) i > d rmmdrd 

particles, generally almost bkwh d \^T 'h< u * I - b 'l > * ^ntb, 

the spines of echini, anil other or arm bod:* 1 ; o f V ^ of 
this latter kind, occur on many shore , where th» **• an* no 
coral-reefs. The Mruc fine of th»* * ?.b * fh<’* * h,*Mo laii* 
has generally been much nb\*ur*d by the riannutmit 
of spatho.se* calcareous itsaifrr ; am! I rolltn?rd a vmy 
interesting slides, beginning with frayim-nls * I hiuhmil 
coral, and ending with other, wh‘U* it wa * a;;)?*? ,* k to 
discover with the naked eye any ttart: strain* 'toe tmm 

In some hinxmvm 1 w,r» unable, ev*m with th«* aid of a 
lens, and by wetting them, to dhiiuguKh the I omahuri of 
the altered coral and spatho x ImmvUme. Many twn of 
the blocks of coral lying loose on the Irmli, lad tie ir 
central parts altered and infiltrated 
The lagoon alone remains tn Ir ibrrsbrd; it k much 
shallower than that of most a toll* of rm-^ktalik *4in 
The southern part is almost filled tip with k* ok* of mud 
and fields of coral, both dead ami alive; bn! t!r?r air 
considerable spaces, between litre*! and fom fithour*, and 
smaller basins, from eight to ten fathom § flr'ff, I Wahl y 
about half its area consist* of mlmrnh and half of corah 
reefs. The corals composing tlmx ferb n very 
different aspect from those cm tint out ub* ; fk y :irt* very 
numerous in kind, and mm*i of tin in »cr thinly hum fa 4 
Meandrina, however, liv*»s in tin? Ingram, and goat rounded 
masses of this coral are mmtermr*, lying *pim? or almost 
loose on the bottom. The miter tommotunt MmJi con¬ 
sist of three closely allied gpeevie* of mm M&drejmm in 
thin branches $ of Serialafora wbufaM; two aperies of 


1 Eij, 
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Pontes 1 with cylindrical liram ht“ } , ore* d whi< li hum '< t hookr 

dumps with the exterior tranchei <*«!v ■ di; ami h B\ t 

a coral somahing like nn IkphinmaJ, hm with 
both surface♦, growing in t!nit, blink, \hm)\ fob .* '<u; 
expansions especially in the d**« p>*r loot, < * f fb«* hi aaiit. 
The reefs on whi< li these ronk grow arc vmy in»* p*l *i in 
form, are full of ca\ hk , ami hao* iv 4 a vdtd flat ait a c 
of dead rock, like that !wn»midiog fV l.ijpmn; imr *ai 
they he nearly so haul* for the mbak? tU * mad** with ( t mw* 
ban a channel of considerable Iroeift dmmgft thee* wd > 
in which a schooner, built on fie* S.K. rkt, wa , floated tail. 
It m a very inter? ding eirmmunr>s pointed oaf to u * by 
Mr. Liesk, that this < lmrtncl, although nude kvi than 1**11 
yean before our visit, was then, m we saw, almost rh* *k 4 
tip with living com!, : ,0 that firslt a vat ion; would 

be absolutely neteveny to allow another vessel to ju e* 
through it 

The sediment from tie* deepest prut in the lagoon, wleai 
wet, appeared 1 halky, hut, wlmu dry, hie wry fhe- saieb 
Large soft banks of knolir, but writ the r gtamed mod, 
occur on the S.Is. deac ut the lag ^ti, affording a flu* k 
growth of a Fticfic,^ on width futile fmlj this imid, 
although dhcol mired by vegetable mafkr, tipfran from it* 
entire solution in acids to be purely rak tfemti. I have 
seen in the Mmmtm of the Geological Society, ;* > molar 
lint more remarkable *sub t«w<% hromfid by fietti, NVStw 
from the reefs of Bermuda, which, wlcai shown to several 

1 Tlifi Pnrit^ hm ntme'whal tie* t§T<h *>f r4io#m # lot Uk 
branches tic uni k?c*Ur I m ili^or rich. \S I ■* 11 dwr i? 1% d 3* 
colour, but after f*»vifi|| kos %a ti«! m fpofi wort *n4 placH m 'by* 
ft JrlTlsck dm*y «tUutt«- r,%vfol from ili« in fit*? Mw 

now appi^n m if it U,A l*rc flipped in mlc 

* A wz% wrmb. - Kn, 
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experienced goolog!1% win furMkui by thmu for true 
chalk. On the outride rri the ie^f much t*> d nw’irt tim 4 h > 
formed by the action of tin* tin on tlir r<#!h-inifon-nt'* of 
coral ; but in the calm wal* i * of laugv.n, tin* < an take 
place only in i small ikrnn ileie nr*% ho^^v* r, other 
and unexpected agent * at work Irn*; Inn* of two 

species of Searu%* one inhabiting the veil ici! hk the reef 
and the other the lagoon, wit i t entirely, a 1 v a*» ;e aireil 
by Mr. Lienk, the intelligent re id* it! h I m* rdm«! to t by 
browsing on the living polypiur*. I njmnvl * * vend of 
these fish, which arc very nisiirrom ami t 1 roiratlnabl** 
size, and I found their inteMm*** drirmiml If * mab juccc$ 
of coral, and firmly ground rAnm^m , rnm>r This mmt 
daily pass from them m* the line 4 < onm;i#t; mw h also 
must tie produced tiy the iufmmdy mimermn vmmUtm 
and molluscous animal i, wlddi imke cavitk?,* in Amml 
every block of coral Dr, JL Allan, of litrtcn, mm koi 
enjoyed the best mean* of ofeervatsmt, minim im in a 
letter that the 1 folotliurim (a Dooly of lL%*luU} ^bmt m\ 
living coral; and the singular nf 1mm within the 

anterior extremity of tSiinr br/dk^ ftftitndy app well 
adapted for this purpose, Tf*r number *4 ih ! «pcrtr> #1 
Holothuria, and of the iftdividttaK width ^wiitin on rmy 
part of these coralreef*, h rxiKturtiiimriy yim!; nnd many 
ship-loads are annually freighted, m h wnl known, fkr 
China with the trepan#, which h a t.pu m of tin g<noH 
The amount of coral yearly rmourned, iisid gionrirl down 
into the finest mad, by thine astral nratfirc*' and 
probably by many other lin«l% must fit? ksmitnm llwm 
facts art, however, of more importance in another point of 
view, as showing u* that litre are living cheek* to the 

1 Aptti of fish, emmmty mlki PmttA inti, with Hrhy 

%** beioogtog to tit T«fe©§t*h -Eft, 
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growth of eoi all ref *>, and that lint jtinir^it tinhmal law of 

H consumed am! he eon aimed/ 1 holds good even wiih fir* 
polypifers fonning those tiiaiidve bulwarks, whirls ate abb* 
to withstand the* force of the open omtfh 

Considcting that Kt rhng atoll, lib* other < oral In’tut 
tionft, liar* been ♦ ntnvl> fome,d liy the giowlft fit or** oar 
I icings anti the arToniiil if i«#n #4 th * i* detritus, on** i \ 
naturally It <1 to impede how !f#u | if h.»» continued, and 
how long it k likely to eoiuinm, m it* §uro m state, Mr, 
Liesk informed me that he ha 1 .cm an o!d »hart m wlitih 
the present long island on the HJv side tta * divid* d by 
aeveral channelj into m many iM to md he awuno me 
that the channels ran i#till lie dfotiogurihed by tire Mealier 
size of the trees on them. On several islet \ id ♦>*, I 
observed that only yrnmg tun a mil trees were growing on 
the extr< ntifbo; and tint older ami taller trees an in 
regular sucre,', nun behind itu in ; whir h show; that tin* a* 
islets have very lately inmnv 4 in Imgih, in the iipp-r 
and south eastern part of tin; U/oun, f we, iniirli no pi net! 
by finding an irregular held of at lnt»f a mil** opure of 
branching ( oral*, still upright, but entirely dead. They 
consisted of the spe< icii already mentioned ; they were of <i 
brown colour, and m rotten, that in frying in %imtd %m 
them f sank halfway tip the k% m if through il«?#iiyrtl 
brushwood, The tops of the brain die* were barely 
by water at the time of lowest tide Keva.it farm lux mg 
led me to disbelieve in any th>wdkm of tlr whole atoll* I 
was at first tillable H imagino what rmne could have killed 
so large a held of corah l-pmt refit ebon, however, it 
appeared to me that the closing tip of the above itir«iiif#nr4 
channels would be a niiffkimt raise; fur k:f«fr tbo # n 
strong breeze by forcing water through tSteitt into the brat 
of the lagoon, would tend let mbr it% level, iliit now ihw 
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cannot happen, and tin* inhabitant * ob # sv # tlint thu tide 
rises to a lv:\% hdcht, during a hi/h S 11 w«nd t at th» head 
than at the month of the ha* am, Tk * »t«u which, m dir 
the former condition of ilutv' , h*d m >w! th* 
possible limit of upward prowih, wotiM lUu , m r;& fonfoiy h«» 
exposed for a shnit time to too sun, and he kilh *1, 

Beside? the meowm of thy L;m! f hah* Ah d hv tie* fore¬ 
going facts, the evict ior ;u\p\ ru f . y: to ktv? *'roii« 

outwards* On the He tcm »d*fo of the Ah 11, the fold s fymg 
between the margin of the m I am! \U b‘s«* o hi wry w’uh ; 
and in front of the regular fo* Jf li whit iu * 
basis, there is, in mod parfo a hist of Kind and !ooq<* 
fragment? with trees growing out of if, whi- !i a* patmidy h 
not reached even by the spiny at high w,*t* 4 r, It i, fvalvftt 
some change lias taken jilant am * lb? waw** foinmd the 
inner beach; that they forme*!y ImviI again4 it wait 
violence was evident, from a remarkably thn k and water* 
wom point of conglomerate at mm vpof, now protected by 
vegetation and a bank of sand f that thry beat it in 

the same peculiar manner in which the well Iimih windward 
now obliquely curls round tin* mar, In of the rr«*h was 
evident from the conglomerate h<\in # * hnii worn into a 
point projecting from the heart* in a snmiirly oblique 
manner* This retreat hi the tine of j* lion of the breaker* 
might result, cither front the *urfo< v of tint reef in front of 
the islets having been submerged in one tmt\ mtl after* 
ward having grown upwards, m front the nvmmPi of «oral 
on the margin having cntitimied to g?ow outwtwk That 
an outward growth of this part is in procw, * m hardly be 
doubted from the fact already mentioned of the mottml* of 
with their summits apparently lately lillcib and their 
* tides only three or four inches lower down ?t#n turned by ft 
ftesh layer of living comb But there is a difficulty m iliit 

*cW:H)H MSItlUlL h.y 

umwom* i 

I /605 
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supposition which I must not pass over, If the whole, or 

a large part of the 4 flat,* had been formed by the outward 
growth of the margin, each successive margin would 
naturally have been coated by the Nulliporae, and m much 
of the surface would have been of equal height with the 

existing zone of living Nullipora?: thin m not the erne, as 
may be seen in the woodcut. It b t however, evident from 
the abraded state of the ‘flat/ with its original inequalities 
filled up, that its surface has been much modified ; and it is 
possible that the hinder portions of the zone of Nnllipone, 
perishing m the reef grows outwards, might be worn down 
by the surf. If this lias not taken place, the reef can in no 
part have increased outwards in breadth since its formation, 
or at least since the Nuliiporo* formed the convex mound 
on its margin; for the zone thus formed, and which 
stands between two and three feet above the other parts 
of the reef, ii nowhere much aticm: twenty yards in 
width. 

Thus far we have considered fae t% width indicate, with 
more or less probability, the increase of the atoll in its 
different part?*: there are others having ati opposite tend* 
ency. On the SJi side, Lieut Snlivan, to whose kimlnmn 
I am indebted for many interesting observations, found the 
conglomerate projecting on the reef nearly fifty yard* in 
front of the beach: we may infer from what wt mw in all 
other parts of the ntoll, that the conglomerate was not 
originally m much exposed, lint formed the limit of an Met, 
the front and upper part of which Im iiiiicc been swept 
away. The ch ;;rce to wfit< it ihe eonplommfc, round nearly 
the whole atoll, \m been wiojird, broken up, amt the 
fragments cast mi die beach, ii certainly very Mirprmjtig, 
even on the view that it is the office of c# galrs to 

pile up fragments, and of the daily tides to wear them 

MB 
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away. On the western side, also, of the where I Have 
described a ted of sand and fragments with trees growing 
out of it, in front of an old teach, it struck terth Lieut 
Sulivan and myself, from the manner in which the trees 
were being washed down, that the surf had lately recom¬ 
menced an attack on this line of coast. Appcarancei 
indicating a slight encroachment of the water on the land, 
are plainer within the lagoon : I noticed in several place*, 
both on its windward and leeward shore*, old cocoa-nut 
trees falling with tludr roots undermined, and the rotten 
stumps of others on the teach, where the inhabitant*assured 
us the cocoa-nut could not now grow. Captain Fitxroy 
pointed out to me, near the settlement, the foundation 
posts of a shed, now washed by every tide, hut which the 
inhabitants stated, had seven year* before stood above high- 
water mark. In the calm water* of the lagoon, directly 
connected with a great, and therefore stable ocean, it seems 
very improbable that a change in the current*, sufficiently 
great to cause the water to eat into the land on all s ides, 
should have taken place within a limited period. From 
these considerations I inferred, that ptotebly the atoll had 
lately subsided to a small amount; and this inference wa* 
strengthened by the circumstance, that in tSu* two year* 
before our visit, the island had teen shaken by a severe 
earthquake, and by two slighter ones during the ten 
previous years. If, during these subtcrrartc.m dniurlnmces, 
the atoll did subside, the downward movement must have 
been very small, as we roust conclude from the fields of 
dead coral still lipping the surface of the lagoon, and from 
the breakers on die western shore not having yet repined 
the tine of their former action. The subsidence must, also, 
have been preceded by a long period of rest, during which 
the islets extended to their present sire, and the living 








CORAL-REEFS, 35 

margin of the reef grew either upwards, or ti% f Iwdievc? 
outwards, to its present distance from the beach. 

Whether this view be correct or not, the above fiut# are 
worthy of attention, as showing how severe a struggle is in 
progress on these low coral formations between the two 
nicely balanced powers of land and water. With respect to 
the future state of Keeling atoll, it left tmdhttitbrd, we can 
see that the islets may still extend in length; but ati they 
cannot resist the surf until broken by rolling over a wide 
space, their increase in breadth must depend on the increasing 
breadth of the reef; and this must be limited by the »t«?ejt- 
ness of the submarine flanks, which can I m added to only 
by sediment derived from the wear ami tear of the mmb 
From the rapid growth of the* coral in the channel nit for 
the schooner, and from the sew rat agents at work m pro¬ 
ducing fine sediment, it might he thought that the lagoon 
would necessarily become quickly filled up. Home of fins 
sediment, however, is transported info the op n fra, res 
appears from the soundings off’ the month of the lagoon, 
instead of la*in;; deposited within it. The deposition, 
moreover, of sediment chef ks the growth of corn! frrf% m 
that these two agencies cannot net together with full effect 
in filling it up. We know m little of the hahiN of the 
many different kpnmm of corah, which form the lagoon* 
reefs, that we have no more treasons for sojtpm lug tlmi thrtr 
whole surface would grow tip m quir kly m the coral did in 
the schooners hnnnrl, than for supposing that the whole 
surface of a pentane m would inerterr m qui* kly m parH fttc 
known to do in holes, where the peat las been rut mm\ 
These agenda, nrverthrSeri, tend to fill up the hr/mn ; but 
in pro[tc>rtion as It become 4 shallower, m mmf tlir pnlypifm 
Ire subject to many liijiirioici agettr k% atirh as impure mm n 
and \<m of food For instance, Mr. Link informi*! nir, 
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that some yearn before our visit unusually heavy rain killed 
nearly all the fish in the lagoon, and probably the same 
cause would likewise injure the corals. The reef* also, it 
must be remembered, cannot possibly rise above the level 
of the lowest spring-tide, so that the final mmrr m m the 
lagoon into land must be due to the accumulation of 
sediment; and in the midst of the clear water of the ocean, 
and with no surrounding high land, this proms *»«« be 
exceedingly slow. 

Section Second. 

Gemralform and uu tfattHt, Mr rmft *mt hktt.-R*tmutl */*— 
Ztm of miliftr*. ~ Cmghmiratt. - Dtpth *f 
—Rteft tubmtrgtd whtily *r i* /** ■ »« M, • 

iAdxt-fermtd them rtuitd Hrttim t'ymmun t>f Uy»m 

into land, 

I will here give a sketch of the general form and structure 
of the many atolls and atoll-formed reef* which occur in the 
pacific and Indian Oceans, comparing them with Keeling 
atoll. The Maldiva atoll and the Great Chagas Hank 
differ in so many raped;*, that I shall devote to them, 
besides occasional references, a third section of this 
chapter. Keeling atoll may be enmidenrd a* of moderate 
dimensions and of regular form. CM the tlmty tw<» bland* 
surveyed by Capt. Beeehey in the Low An S*tj»ei»^>, the 
longest was found to be thirty milo, ami the *di<*»tc>4 leal 
than a mile; but Vliegen atoll, situated in another part of 
the same group, appears to be sixty miles long and twenty 
broad. Most of the atolls In this group am of an rhmgsttd 
form; thus Bow Island is thirty mites In length, and on m 
average only six in width (see Fig. j, Plate III.), and 
Clermont Tonnere has nearly the same proportion*. Itt 
the Marshall Archipelago (the Ralick and Rtdsck group of 
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Kotzebue) several of the atolls are more titan thirty miles 
in length, and Rimsky Konacoff is fifty four luu;'„ ami 
twenty wide, at the broadest part of its irregular outline. 
Most of the atolls in the Maldiva Archipelago are of grntl 
size, one of them (which, however, hears a dcmlib mum:} 
measured in a medial and slightly cutvcd line, i» ** 

than eighty-eight geographical miles long, its greatest width 
being under twenty, and it:, leant only nine ami a half mik *. 
Some atolls have spurs projecting from them; uiul tit the 
Marshall group there an* at»41 * wnu d to/^fher by linear 
reefs, for Instance Munch ir oil I .bind hi Vkh* h} t 
which Is sixty miles in length, and coitaivto of three h »op« 
tied together. In far the greater number of ea^ti an 
atoll consists of a simple elongated ring, with hi outline 
moderately regular. 

The average width of the annular wieaili may be taken 
as about a quarter of a mik*. C*apt. JJectliry 1 that lit 
the atolls of the Low Archipelago it exceeded in m iinhume 
half a mile. The description given of the strut lute and 
proportional dimensions of the reef and whTi of Keeling 
atoll, appears to apply perfectly to nearly all the a to! hi m 
the Pacific and Indian Occam*. The islets arc fust Umm4 
some way back either on the projecting point* of the 
reef, especially if its form be angular, or m the mkn 
of the main entrances into the lagoon—that \% m hull* 
cases, on points where the breakers can act during gfilo 
of wind in somewhat different direction?*, so that the rtuimr 
thrown up from one side may accumulate »gmmi that 
before thrown up from another. In Lulled t hart of the 
Caroline atolls, we see many instances of the former cam \ 
and the occurrence of klet% a« if placed for on 

the points where there is a gateway or breach through tfw 

1 Betel#/! Vip.t$g« m th* Itui/U mmi %VO *»/##, cfwif#* tui 
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reef, has been noticed by several authors* llinc arc some 
atolbformcd reel's, iking in flic Airfare of flit M^and 
partly dry at ifow wax^r, on v* !o* h inn i ■ me *uvv idrts 
have never been fount*!; and xIh'Ic are ottofe on which 
they have lt#*H§ fmitHii, h t* )•** <* * n pi *<*> . b ? <4 *i worn 
away# In atolls of small ihion* ito* i nt'* tKq^ntfy 
become united into a Mick h‘4 r *»r tiMUMrined 
strip; tint IhVgo tisuit, ahtam/h in atoll «*i *«>i*.i'Vf,<h!c 
size, being thirteen mites and a Stall in length, has its lagoon 
entirely surrounded, except at the mntliein end, tiy a belt 
of land, on an average a third of a mile in width . To show 
how small the total area of the annular reef and the land 
is in islands of this class, 1 may quote * remark front the 
voyage of Lutkd, namely, that if the forty three tmp, m 
atolls, in the Caroline Archipelago, mm put one within 
another, and over a steeple in the centre ut bt IVmtfiirgt 
the whole world would not cover that city and it* suburbs* 

The form of tie bottom off Reeling atoll, which gradually 
slopes to about twenty fathoms at the distant c of totwmt mm 
and two hundred yards from the edge of the mx% and then 
plunges at an angle of 4 jf into unfathomable depths, is 
exactly the tame 1 with that of the sections of the atoll* m 
the Low Archipelago given by Captain 11m liry. The 
nature however, of the bottom seems to differ, for this officer * 
inforat me that ill the soundings, even the deepest, mm 
on coral, but he does not know whether dead or alive* 

1 the farm #f die hmm urn* I tit Urn Mi m^lh m ilw 
Pacific Is protoyy ilmitt; Kmmim f %%#, vof* i k p if«| *sy» t 
** W# had at a small dhtaact Irma the m§l % feny fatton dvpib, wfcfeJi 
toeased a little farther m mmh that m umM fmd m 

1 1 1 mast be permitted to nptm imy »t#llp§i«f n> Captain ftraSuy, 
fat the very Mad maimer la which he to given »« rnltmmkM m 
several poinu, aad to mm tit greet mm\mm I tow derived from lit 
mnOsat published work. 
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The slope round Christmas atoll (1**11* t* 4' N«» *57* 45* W- )» 
described by Cook, 1 is considerably less; it about half a mite 
from the edge of the reef, the average depth was a tout imir* 
teen fathoms on a fine sandy bottom, and at it mile, only 
between twenty ami forty fathoms. It hm no doubt 
owing to this gentle slope, that the strip of land HUirmmdmg 
its lagoon has increased in one part to the extraordinary 
width of three miles ; it is (brined of successive ridges of 
broken shells and corals, like titer.e on the beach, I know 
of no other instance of such width in the reef of an atoll; 
but Mr. F* IX Bennett informs me that the inclination of the 
bottom round Caroline atoll in the Pacific, m like that off 
Christmas Island, very gentle. Off the Maldiva and Chagm 
atolls, the inclination is much more abrupt; thus at 
Heawandoo Photo, Lieutenant lVjw<*il tt found filly and sixty 
fathoms close to the edge of the reef, and at 300 yard** 1J11- 
lance there was no bottom with a 300 yard line, Captain 
Moresby informs me, that nt too fathoms from the ntottfft 
of the lagoon of Diego Gmia, he found no bottom with 
150 fathoms; this is the more remarkable, a<» the ninja: 11 
generally less abrupt in front of channels through a irrl, 
owing to the accumulation of sediment At Kgmont 
Island, alto, at 150 fathoms front the reef, woundtftgtt wrrrt 
struck with 150 fathoms. lastly, at Gmlcio atoll, only 
sixty yards from the reef, no bottom wm obtained, m f mn 
informed by Captain Moresby, with tt line of two Imodml 
fathoms I The currents run with great force tmml thru* 
atolls, and where they are strongest, the iiidiiiatbn apjArar'* 
to to tiioit abrupt. I tin informed by the hMim authority, 

1 fiitJ fill. If, <tnj>, to, 

* This b of t ham gr<*i|w Itni nit l#f 

Captain Mtwlf* hm *\m Cupttttft Moral* 1 * p§*f m tits Mrnbkm 

stall* in the Cm,tafhuatfmt nm f $ fill % p, 401, 
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that wherever *ounding$ were obtained off these island^ 
the bottom was invariably sandy : nm wa§ there any reason 
to suspect the existence erf submarine ehffa* ai there wm at 
Keeling Island. 1 Here then occurs a difficulty \ can mid 
accumulate on a slope, which, In some tmt% appears to 
exceed fifty-five degrees ? It nnr 4 l*e ob.'uvrd* that I 
speak of slopes where soundings wem obtained, and not of 
such cases, as that of Cardoo* where the nature of the 
bottom is unknown, and where it* inclination must lie 
nearly vertical M* Elk tie lteaumovtt* lias argued, and 
there is no higher authority on this subject, from the 
inclination at which snow slides down in avaUtKUrv, tlut it 
bed of sand or tnttd cannot be foiwcil nt 11 greater might 
than thirty degrees. Considering the mmlmt of Hounding! 
on sand, obtained round the Mahliva and Chagos atolls, 
which appears to indicate a greater angle, *nd the entreme 
abruptness of the sand»banks m the West Indies, a* will 
be mentioned in the Appendix* 1 must conclude that the 
adhesive property of wet sand counteracts its gray iff, in t 
much greater ratio than has been allowed for by M, Kite do 
Beaumont From the facility With which sand 

becomes agglutinated* it i« mil ttecevyty to suppose that 
tire bed of loose sand ii thick. 

Captain Becchey has observed, that the submarine slojie 

1 Of some of the inkrdt in it* Urn Arrtnprfsgo the »|ipwi 
to descend by ledges, Off ElfcsUih idftnd* mlmk h cwwfots 

of raised corat, Capt, lkeetay f§t* 4 5, %mm r»l 4 fkm&r# it mm 
Mftst dm first hail m «s»y dn$m tom it* W** Ii 1# a flwtense of 
: atot fifty fiyriit tit second extended two hmtlwl yards will* twenty* 
fiv® fathoms m It* and then twM III# it it fast) mi 

immediately beyond this there was no bottom with two hundred 

fathom;}, 

* Mmtfm jfrmr mvir I nm timtipiim My» 4$ Fmm% t nm if* 

■ p»'ai4- 
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is much lew* at the extremities of tin: muu* elongated 
in the Low Archipelago, than at their Hide ?; in qirakin^ of 
Ducie’b Inland he sajn 1 the huttrrfti, m it way lif * a!!* d, 
which “ has the mo*t powerful mmij (tht S. W, nwrll) t»# 
oppose, is carried out nine It fui liter, and with abrupt 
ness than the other/* In some cams, the lev* mrlinabou of 
a certain part of the external slope, for instance of the 
northern extremities of the two Keeling atolls, i:s caused by 
a prevailing current which there accumulates a bid of sand* 
Where the water is perfectly tranquil, as Witliin a Ligonii, 
the reefs generally grow up perpendicularly, and .aanebne 4 
even overhang their bases; on the other hand, on ilr 
leeward side of Mauritius, where the water h generally 
tranquil, although not invariably so, the retf h very gently 
inclined. Hence it appears that the exterior angle varm * 
much; nevertheless in the close similarity in form kiwis u 
the sections of Keeling atoll and of the atcilb in tin? 1 mv 
Archipelago, in the general steepness of the reel's of tlm 
Maldiva and Chagos atolls, and in the perpnidit itlariiy nt 
those rising out of water always tranquil, we may div-rni 
the effects of uniform laws \ kit from tint eomph & m twin 1 4 
the surf and currents, on the growing {tower* of the r<#i 4 l 
and on the deposition of sediment, we cm by no inrun i 
follow out all the results. 

Where islets have berm formed cm the reef, that part 

which I have sometimes called tin: * 141 * ami wlikn i< 

partly dry at low water, appears similar in every atoll* Li 
the Marshall group in the North Padtie, it way hr? jt$fmH 
from CIniiii‘isr/s description, that the trrf, where n\n * 
have not been formed on it, slopes gently imm the 
margin to the shores of the lagoon: Flinders states licit 
the Australian I^rrier has a simitar inclination inward*, 

1 Betehcy’i «d, p, 44* 



according 1 0 1 vhl rijl ih« a d > * 4 n d f ' Ii'-I ' 41 A offer 

an except ost Hi. *<- ■* <’/.n v« ' < > • 1 *""• 1 u ■! 1 f 4ynr 
c>r tile ral 1*1 tb« MardcJl at ,t*d hr tV n 

caused If ii X dipor*. ah.Oi j. ifo- muw vhmur 
tin imw hat; »ml, wv>,t u\ ■ .*•***> * i<» uu> iau<» s 
awmtci a Malar tiul fr*it», H a *l<’ <u 4 u<m * * 5 v 

able to the margin of Kcdim* ;n«J . 4 Alih^n^h UatfiUo 
tkm not Hale flint the ma-r* of %u\r,p >ur I mi p^H 
m a mcHiutli higher than the fit!, y-i I flt'tf thn 

k the ease; for Rmmhm^ m muihvt \^n t of the 

rocks on the edge of the ted 1,1 ,iv vr-d/v f.^r alnmi t**> 
feet at low water * 11 and tlrnt imIv *»* m*y ftrl ipiiic 
certain are not formed of true * oral f a dtioofli 

convex mound of Mtjliijitifa\ like tlut wlimli ai*p»s- a* 

1 Kot^Uc'* #¥«# fwl, ili ft, M& lfc#f 1 f ftp* 

Itt Omi Cap it Vartlc I#k»4% I o **s h$ m §n* 

coaaidcrtbSa i«fC mrtt* c«fif t§t«lf fjf%it«§«4 will* a layer of Ntitllfmww 

The entire surface tmt ttmny ho *<»■%, *** fud/#ff4 1 4 a pavl* 

bSoMometl red* tit layer* bwrem, wm» «l fi» g»#*i«f tbietifie** 

than piper. Another ki«4* lit the Imm nt grew i« 

the same situation* Tt«e«e ** air * t*UM t* th*m 

described on the m$mhtmh $ but I Mirtt at* *4 #fifVtffi! m, 

4 Xotsehiie'a #¥#*f not ii. p l 4 Uf»l* In ll» 

meSSeat itretireh It rh@ Umisgtmi Tmm§Miiims Iml i# |*. h&§% 
lUlades to the mmkf |nti»t# mmu^m 4 l-y K^l#rl mt 9 ##•#*! that 

they eondst & S*fpil#> whkh m#%w* m it m mh 

erf Bermmlai! m they l&miw ti» m a i&idto#w Imi i# ihr tm\\ d 
Imsli {whlel I have d««iil«4 «n Zimina thth Jmrmh tire itf t|« 
These maaess of lerpla l»tit tl# ftanrt firkia'rly in il« 

a^fon of the sea* with the m it* mad t$wfa in imhm 

wd l^lfe Ocewii, 

1 Caf*taln Mwmkyt fo hk f«d«ray« ppi «m tli» *Mf* 

d MaMim {Qwgmphkd *oi t,} # a»yi that lit t%f» d 

the r^ thm mad ahote wite at low ipl^‘iW«» 
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if artificially ctm trip u 4 to pt 1 * 1 * ! d * m'* 1 ^ 1 

Island, is of fimpent o«r \n* m c o J* > *» - 1 ’ i * ^ **" " J/ ' * 
but we shall pie uTy iik**! with d, cvi-1 j f* ^ 

same form, on the m>t cd.c of t!r Mioivii * ‘ * *' 
encircle the Sm lc?> 1 

There ap| >enr.» to be ♦ at* »dy ,t 0\*o t it do ’* , ‘ u'* 

of Keeling red nbh h ii j*oi<»! n <>n <*•'?% d md * I ' t a 1 

occurrence* in other aid!' *1 ho. Lkmo >* -’** ■* 

layer of ermine conglomerate, on? ; b* ?k* i 1 *t * f m * I to* 
Marshall atolh win li ** appear* mi #1 % n\<\>*’t * uru* ** \ '* v»'o 
and eaten away/* From drawing*, with append- I o ^ •* 
of Diego Garcia in the Glwsgw group and of m«%v* k *4 * 
Maldiva atoll*, shown rnr L| fltjilam d “*» 

evident that their outer f n >'*>n an* subject to ihr ** 
round of decay ami renovation at tbo««* >1 K* 

atoll From the <h m ripLon ol the afkk m ?lr S' * 

Archipelago, given in (.apt, lh r* l^\ fkw % n n ?■« ».* 
apparent that any t ongkim tab" f i »ial n«*» w* i tie o 
observed 

The lagoon in Keeling atoll ti ; m th** ;iirij|« «>f 

the Low Archipelago sf <v depth v.m$«s ftnn * ■* In jl 
fathoms, ami in the Mark.dl *MJ<rdi#tj| i« 

Chamte&a, from jo to ijj; in the Cooler #tdk if m\tf 

a little km Within the Maldva moth iln# »i# him 
spaces with 45 fatliciiifs, and *<nm ,r -t * U* I 

down of 49 fathoms* Toe grratrr juit of ihn h^wum m 

most lagoons h form* fl r4 *,rd??ur.o5; f^v^- 

oartly the same drjgfi, or tlir thpih %sn*% .^4 
that it H f'villi nt flat no i 4 hrr r %»«■$ 

deposition, could have kvGS'a! tie: suifir- r V , M S>/ L f 

* /*##•#/ hi, |>, 11 ^ 

f fitt slw Moredy ?oi fi?r W^hetn *u<h* t|^ &!•«»*% 

aphiwifmtmi t ft#!, v, p 4^ 


44 


CORAEREBM* 


the Maldiva atolls this is very conspicuous, anti likewise iii 
some of the Caroline and Marshall Islands. In the former 
largo spaces consist of sand and i<*// *'-**i>v anil koticbue 
speaks of clay having been found within one of the Marshall 
atolls. No doubt this clay h calcareous ti»u*l, similar 
to that at Keeling Island, and to that at Itcrmuda 
already referred to, as unriistinguishabte from disintegrated 
chalk, and which Lieut. Nelson says is catktl there pipe* 
clay. 1 

Where the waves act with unequal imm on the two sides 
of an atoll, the islets appear to I as find fanned, and are 
generally of greater continuity on the more exjtciseti shore. 
The islets, also, which ire placed to leeward, are in most 
parts of the Pacific liable to be occasionally swept entirely 
away by gales, equalling hurricanes in violence, which blow 
in an opposite direction I© the ordinary tradiMvind* *1 lie 
absence of the islets on the leeward side of atolls* or when 
present their lesser dimensions compared with those to 
windward, is a comparatively unimportant fact; but itt 
several instances the reef itself on the See wild nidi, retain¬ 
ing its usual defined outline, does not rise to the surface by 
several fathom*. This h tlie rmt with ilw tmihvm side of 
Faros Banhoi (Plate I?., fig. j) in the Cm*m mm* 

% % my here ohnerft that m tfc« enas* nf Ilitii# m%n* il«f« b shm’Ii 

c»ml f thi wintlingf mm the tad §tc «ta uW4 ly h**t*»,, 

la the MM d# Jr#i#4 as mlimmm mmt t with mmh ikwtf 

comminuted pturtieta of abdt* and mmb Prnmh 11 in il« a 

' gf t t yoo ailtt along lilt taiot, fr«m» tlw Aht^h* 1 ** <m 

Mamikham, the hmwm It »»»f ptaw t« <4 41 ltd Wsiw* 

mill era forxal de *aailf4|*cfw- \Avfyh** Ttii# white tiitotoiMBr, pmfaMy, 

: .Issaakgoas'td that which occurs within it## 

■. St k mmlk&mk according to km, and hr Mapwai it to 

mortar* 
















Mourlkii atnl-V in the t ifkirn : t < t » ' 

farrier reef (Male IJh r I 11 j* of the ' - -* 

I allude io ilir hurt r* A s ilfhoorb M* ft-_ ? * 

dwi # fie^ame fltifif;iiii b*y wa** it t W«l by ' t 
the fteciilLiriij in I 1 At f'n 4 lv*d * # ' * 

merged jart it niv mk ^ m Vm*k n d I r«. n *v * 

depth of atMtf five on * 5 «, * .n,< « <% $j 4?\ 0 1 

comn»tt of Jmd Mor.«\ wifi 1 il«, r- * t 4 #r ! — *5 

Here fo scarcely any bwm*» ?A <4* »?, « 4 ✓ * r 

margin, m I huff \m\ pm\* nUby ,rv)e<! n ' <*,- 

Moreiby; fit\ in fa#i t a %,£i 14 4 nd * > frf* 7 * - i„ * ? 

the name width amt tmn xtrn ««*»,fh n wrh *' i**f 1 * » 

ordinary state, of slmb 1? K & *r notr t<'',&*■ ^ ^„ 

living and p> tfr* * \mn o u no #> j jA 

submerged potiioir. in ?b< < w<0 * nr.t * f M * - ' » , 

an ordinary pr\r^* Vann, * ,F ? t n, 1 * „, 

in oilier cm* is nearly nt f*u v* «,* f . 4 _ . 

the lagoon b If It ojn§ * f t m.um ^ 11. , r 1( , 

Archijadago^ when* a nr tr-4 ‘murd m n n * ^ , )5 

irregular l^jiiik^ fati m-lis#!i sl^ ! r *J* ».f tirr 


prolmbly oner ?4mA Af ^ ^ ir * f 

jiidago, fioili tbiM* mnthiv *%i**n n n tf,r ? 


conitil^ of I prif flit f*i4fiV t miiti In ux ;n » < ? 

wafer cm it; fur i kngih of imn^ i^n P M , . s 

southern mk It « f^irtt uni njh ^ 1 ! 1 

other $kh % if h b nm*k4 by a u > i tn },»#^ ; ?4 % 

surface and pnk d, f j ar^n^ r » , >f » / / 4 , 

fathoms nihsiin r rd In it? t * / ? 8 , 

iiimikr r^fi-, rrifakv *•,! nri^r ^ , 

%mmmif m the n (l , j n ^% Uti t ^ ^ 


1 l» 4 f $kb ImU s l ,‘fj i iiu * | f % 4^ ^ 7 
flit llwlih i^r* r.* 4?4 *4 Su' f,*i s # >i fs 4> f # * f f 
ofOifftif is rti< AlUit ## 


» ' ' ' t> I ! * 

1 r *■ % 7 n.« 
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described. The Sp-akt-rii Hank offer. an example 

of this structure; it* (vntrd r%j«n ", who h i, .'bout ?; 
fat’noms deep, is 24 miles ;«.w ; tv.* d noi » • of tie* 
usual width of annular reefs and . ■ *>- ! l iMnr «1; it In . 
between 6 and 8 fathoms bnt- .uh ri. • vote <■. and at the 

same depth there are neatiered 5ui*‘i! , m tV l,v-.t m. < ap> 

tain Moresby believes the rim < <«v t t "t »*■ ■ 1 thinly 
covered with sand, and h<: i‘. M*rtai« Vn, 1. ri,.- « rit with 
the external rim of tin: (heat fUngm fi -.in,, *U..»h ri abu 
essentially a submerged atoll. J» b'rii rit- < ,v. in 

the submerged portion of the re-f at IVrn. H in ■< s < tj<t on 
Moresby feels sure tb.it thr quantity of kvr,,*, f"%*'» on 
the outer edge owrhan;;io,t the d* ij» «•« >' 

insignificant. lastly, m tm-ial p»’/* •» !’«*’ »f*‘* and 

Indian Occam there are b ud, *, 1 >i»' u ,’i* 1 drptl v 

than in the cases just mrntioiv <1, <f th- P»rrn a.id <«*//’ 
with the neighbouring atolls, hut wi*h thr * iif h hit* • ini' ■ 
ture wholly obliterated It apjtenr fi 01 flu* >«rvcy 'f 
Freycinct, that there* are banki of Ho, V ii.d in tV V n**hr ■' 
Archipelago, and, as is reported, in tie* low An ’..jvl-tgH 
When we discuss the origin of the diti**»». os < !»• ’ <-•» r 4 ‘ oral 
formations, wc shall nee that the vub in tgrd uue of the 
whole of some atoll formed reef*, and of p utirei*. of othri s 
generally but not invariably on the hr ward ndn, an<! the 
existence of more deeply Mtlmv'rgcd Si nks n<»w povrv.mg 
little or no signs of their original atoll hire ‘nurture, are 
probably the effects of a uniform « m **, nsmrety, the death 
of the coral, during the sulmletre of the an a, in whu h rite 
atolls or banks are situated. 

There is seldom, with the except ion of th<. Mahhva atolls, 
more than two or three dtsnwb, awl j;<nirr dly wily urn 
leading into the lagoon, of sufficient depth for a ship to 
miter. In small atolls, there is usually not even one. 
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Where there is deep water, for instance above twenty fathoms, 
in the middle of the lagoon, the channels through the reef 
are seldom as deep as the centre,—it may lie said that the 
rim only of the saucer-shaped hollow forming the la mon i i 
notched. Mr. Lyell 1 has observed tint the growth of the 
coral would tend to obstruct all the channels thmu;*h ;i reef, 
except those kept open by discharging the water, which 
during high tide and the greater pari of each ebb h iltmwn 
over its circumference. Several facts indicate that a con¬ 
siderable quantity of sediment h likewise di scharged through 
these channels ; and Captain Moresby informs trie that lie 
has observed, during the change of the monsoon, the msj 
discoloured to a distance off the entrances into the Malrhva 
and Chagos atolls. This, probably, would cheek the growth 
of the coral in them, far more cffertnally than a mere 
current of water. In the many small atolls without any 
channel, these causes have not prevented the entire ring 
attaining the surface. The channels like the stiliiiicrgctl 
and effaced parts of the reef, very generally though nm 
Invariably occur cm the leeward side of the atoll, or cm that 
side, acctrding to lleechey,* which, from running in the 
fcaine direction with the prevalent wind, in nm fully mpmr4 
to it Passages between the islets on the reef, through 
which boats can pass at high water, must not lie confoutitlril 
with ship-channels by which the annular reef ihelf h 
breached. The passages between the hkis nmir, of mm\i\ 
on the windward as well an cm the leeward ukh*; but they 
are more frequent and lire eider to leeward, owing in t|*»* 
lesser dimensions of the hM% on that side. 

At Keeling atoll the shores of the lagoon shelve gradually, 
where the bottom is of sediment, and irregularly or abruptly 

1 nmiflts. #/ ml kl p, ,*%, 

8 Ilmfwyh 4m tl t ml u pi i% 
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where there are coral-reef*; but this h by no means the i 
universal structure in other atolk Oiammn,* speaking in ; 
general terms of the lagoons in the Marshall atoll*, says the ; 
lead generally sinks " Ii*<m a d- 'tb of two nr three fathoms j 
to twenty or twenty-four, and you may pursue a line in j 
which on one side of the boat yon may see tin- Ixittom, and j 
on the other the azure-blue deep water," The shores of j 
the lagoon-like channel within the harrier -reef of Vanikoro j 
have a similar structure. Captain llccchcy las described a | 
modification of this structure (and he believe* it i» not an- j 
common) in two atoll* in the I<ow Archipelago, in which 
the shores of the lagoon descend by a few, broad, slightly 
inclined ledges or steps; thus at Matilda atoll,* the peat 
exterior reef, the surface of wh»‘h rs pmt'y inclined 
towards and iicneath the surface of the 1 ;„•«»«, end* 
abruptly in a liule cliff three fathoms deep; at its foot, a 
ledge forty yards wide extends, shelving gently Inward* 
like the surface-reef, and terminated by a v, t >md little did 
five fathoms deep; beyond this, the bottom of the lagoon 
slopes to twenty fathoms, which is the average depth of its 
centre. These l<*dge* seem to Ins formed of coral-rod j 
and Captain Bcechey say* that the lead often descetufai - 
several fathoms through holes in them. In some atolls, *B 
the coral-reefs or knolls in the lagoon come to the »ur(ac#, 
’ at low water; in other ear* of rater w * urmicr, all lie at 
nearly the same depth beneath if, but «i<m frequently they 
are quite irregular,-—some with pcrsiendetiUr, mtm with 
eloping sides,—some rising to the surface; and other* lying 

* Koucbue’t Fint V*r*&, *«t. lit. p. 14 s, 

* Ikwtwy'* Vw*y, 4W ml, v-*'. i, j r i*m, A< tViu<»«i«l*f 

Island the fasimn »1 ilw l4£'<Mt sJujar* *» |!><* 

and then detpeo* *u>lt3vnfy, ib* e»fg>* «f fl« fwiA iw*riy porn**. 
dienlar. TW* bank it famed mi cm*) *n<< 4 i>wt »Mj« 


PLATE JU 
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at all intermediate depths from the hot torn upwards. I 
cannot, therefore, suppose that the union of such rod * rmiH 

produce even one uniformly sloping ledge, and iniirli fee 
two or three, one beneath the other, and each tormina fed 
by an abrupt wall At Matilda Island, which oilers fim 
best example of the step*! ike structure, Captain Iks whey 
observes that the coral-knolls within the lagoon rrn? quite 
irregular in their height We shall hereafter see that the 
theory which accounts for the ordinary form of a tolls, 
apparently includes this occasional peculiarity in their 
structure. 

In the midst of a group rtf atolls, there sometimes occur 
small, flat, very low island* of coral formation, which 
probably once included a lagoon, since filled tip with 
sediment and coral-reefs, Captain fkw.hey entet fains no 
doubt that thi* has hern the case with the two miiiiII 
islands, which alone of thirty-one surveyed by him in the 
Low Archipelago, did not contain lagoom. Rrmimuoff 
Island (in kf, 15* K.) is described by Chamisso 1 m burned 
by a dam of nmlmporlttc rock inclosing a flat speei% thinly 
covered with trees, into which tint v-a cm the leeward dde 
occasionally breaks. North Keeling atoll appears to l*»* in 
a rather less forward stage of rntmmkm into knd; it 
consists of a horse-shoe shaped strip of land Mtrrotmdmg 1 
muddy flat, one mile in its longest axis, which k cwrtrd by 
die sea only at high water. When describing Hr»uth K>«lmg 
atoll* I endeavoured to show how 4tm the final firorw* nf 
filling up a lagoon must be ; nevenhefev*, in nil do 

tend to produce this effct t, it in very remarkable #irit 
one Instance, as I believe* k known of ,1 moderately m^A 
lagoon l>eing filled up even to tin? low water line fit spring* 

lies 
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tfcle?| much l»*rs of nnch :t one * r 

It. in, lifciwLc, in ‘*>tnv* d<‘ f*" r *» ' ' • * * ,J #v ' 
except small on; ; am mown#! *1 Lv •* 1 o/c 1 
Litt«!| formal by the union of * nr 4 ’*'*'• 

suppose that the man* ut*.l» in J\t» ni 
(frcim all Imo hud *» M '* ^ - ,, * d y> t 
remain at their pro nit IrH, * nhj.* ?- 4 only m f 
the sea anil to tin* gro'AM * p »w< n fit tl ** < "r• 


S ,n f n imil. 

/ on, r n t f 

*v ;f ; s i m$ 

VlV * s 404 
' I l^’iilll 

% '4*4 do f 
4 ;ntt44«i* 

4, dniiii* 4 *» 


many centuries an inttvi 1 w* ♦ m! 4i;r# itoy *u f;o* 
earlier tertiary epm hit »n.nnot» I 'mn^ L« »e<*4 *. *f that 
their Ligoons ami the v H on thm* r« pr *4 a 

totally different nppeunm e ft ns w*m* 4.* > '■« w 4-o This 
consideration lead* to tt«* n pi** *» *bui 1 on* ir?o#\4*itif 

agency (umnAf m ib 0^141 ir»t»» j^v a? jmmniH 

ami pet|rtttati% their ufi#md nnitinr-* 


Horiiun finni» 

Alt! fir*arehip$k **<** -/or f »>4/1 «*"'«)"*» ’ - >>' -* f * #s ’ 4 

z/^/| inthtt&%WM if ilf:! «*fi -4 f 'o tn 1 % ‘t * «• .1 - »m« ; 

/# fAsr #/ *4 /% tin / iurht* 11 * ? * ^ t ^ 'M 

mfiti /## 1 #fffmkmt Wwft <«*./rf,/§>» ^/ fh* t i ?n i .* n/O '« 
#/ #¥^/i, « Cmmtim m iht 01 / 4rOf # ,i# w# / 0 / 

duiimt &t$!h,**** *F%$ *£ff4UMi h f h i »* Jf4 5 ? / ,# 

Chat*$$ Bmk< - ill m /^#4 jmJitiw to " 4 * h^t.rutp 

tfrueturt* 

Although cwTa^innaS refewttet^ have l^rn nretr in thf, 
MaMltaato!l% and to the \nuks m thr Cltia^n ( mmi\ «>t» 

points of their structure fleti rv»* fiifilirr My 

description li derlvcrl from in v%m%tmti*>n «e 

chart* lately puMHhffd front nnn y of * *a ? f.^n M-* i 4 y 

and Lieut Powell, and itinre rsiHnnfdy ft nn i«fnrmadnrt 

which Captain IliiirJf ha'4 t omtmmwao 4 to m tbf 

kindest manner, 
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The Maldiva Archipelago is 470 miles in length, with an 
average breadth of about 5° miles, 1 he form and dimmt 
sions of the Molls and their .singular position in a doubt* 
line, may be seen, but not well, in the greatly reduced rhail 
(Fig. 2) in Plate III The dimmsiom of the* Inn* t umj 
in the group (called by the double name of Muh thn \f 
and Tiila-dou Matte) have already been given ; it ii HU nrle . 
in a medial and slightly curved line, and b 1° ♦*» than 
miles in its broadest part. Suadiva, aim, i t a noble atoll, 
being 44 miles across in one diienion, and 34 in another, 
and the great included expanse of water has a nj 

between 250 and 300 feet The smaller atolls tit iftb group 
differ in no respect from ordinary ones; but the larger wn ; 
are remarkable front being breached by mtmerou * 
water channels leading info the lagoon ; lor instance, liter: 
are 42 channels, through which a ship tonal enter the 
lagoon of Suadiva, In the three southern large atoll*, tie* 
separate portions of reef le tween tltnc channels have the 
ordinary structure, and are linear; but in the other atolls, 
especially the morn nmtliein ones, tlesie pardons are ring- 
formed, like miniature atoll 1 Other rin/pforwed reefs rise 
out of the lagoons, in the plao* of those irregular rmei whi» h 
ordinarily occur there. In the redtac lion of the chart «f 
Mahlos Mahdoo (Pine III,, Fig. 4), it was not it mm l m ** to 
define the islets and the little l.tgoom wmfiit v,u it mri, an 
that the ring-formed structure h wry impvrfeMly shown ; hi 
the large published charts ui Tilla don M.up*, ihn appearmn r 
of these rings, from standing forth* r ap.irf irom mttft iMfot, 
is wry reraatktbV, Tie* ring 1 cm thv itui^in m** grnmMtf 
elongated; many of them an 4 ihor, mil smtm even fisc 
miles, in diameter; thor within \U- ligoon arc itsttMfy 
smaller, few being more float two % m mid tlm 
greater number rather less than tmm The depth «j tlic 
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little lagoon within these small annular reefs is fww*ra% 
from five to seven fathoms, but oceawnaHy mow; and in 
Ari atoll many of the centra! ones an: twelve, and some 
even more than twelve fathoms deep. The ■» xntgt rise 
abruptly from the platform or Ivmk, on which they are 
placed ; their outer margin is invariably Imrdcrcd by living 
coral 1 within which there is a flat surface of coral ruck ; on 
this flat, sand and fragments have in many cases accurau* 
lated and been converted into islet*, clothed with vegetation. 

I can, in fact, point out no essential difference between 
these little ring-formed reefs (which, however, an: larger, 
and contain deeper lagoons than many true atolls that stand 
in the open sea), and the most perfectly characterised atolls, 
excepting that the ring-formed reef* are bawd on a shallow 
foundation, instead of on the floor of the oj«n sea, and that 
instead of being scattered irregularly, they an: grouped 
closely together on one large platform, with the marginal 
rings arranged in a rudely formed circle, 

The perfect series which can Ire trared from portions of 
simple linear reef, to others including long linear lagoons, 
and from these again to oval or almost circular rings, 
renders it probable that the latter are merely modification* 
of the linear or normal suite. It is conformable with tfcJr 
view, that the ring-formed reefs on the margin, even where 
most perfect and standing furthest apart, generally have 
their longest axes directed in the line who h the ted would 
have held, if the atoll had been bounded by an ordinary 
wall. We may also infer that the central ring-formed reef* 
are modifications of those irregular ones, winch are found 
in the lagoons of all common atoll*. It ajipvnr* from the 
charts on a large scale, that the ring-like structure is 

1 Captain Moresby informs me that < emfhifitr* f* row of 

the commonest Mads on the outer msrgin, m It it st Keeling sloth 
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contingent on the marginal clianmds or breach*-, b» mg 
wide; and, consequently, on the whole interior of t!m atoll 
being freely exposed to the water* of tlm u: sit : * a* H h n 
the channels are narrow or few in iiiinih'i, although bm 
lagoon be of great :*i/e and ilqiiit (a ; in Hu tdjya), tie re ar>* 
no ring-formed reef;; vh re the channel * e*‘ solo w -at 
broader, the marginal portion * of reef, and e .p* t i.illy th , 
close to the larger < kitmd ; aie ring form 4 d, but tlir * ni2#il 
ones are not so; when: they are bioad almo4 rmy 
reef throughout the atoll is mom o* lew pti f-rtly ling 
formed Although their pree nu* u thin ooiihipym un 
the openness of the marginal rpmmcSy the tin ory of fk « 
formation, m we shall hi leafier nee, hi included in that, *4 
the parent atolls, of with li they hunt Ik* separate fioiteai , 
The lagoons of all the af *11 * in the southern pul <4 ?la* 
Archipelago are from l»*n to twnuy fathom > tk* p* t than 
those in the not them pan, Tlti * - * wril e» f 'in| hm*d in th * 
case of Addoo, the southemnuoi m 4t in tlut gr^up, Pa 
although only 9 mile? in ip; long* -4 ili«ine|tp n la. a 
depth of 30 fathom , when , all the «g|iei small at 4 ! 
have comparatively shallow h"r^T*; I 1 as uvagn no 
adequate cause for tfik ilitmrruco in d<qeh, In flie * < anal 
and deepest part <J the lagoon l!ie bottom eon t ty as 
I am informed by Cajit More by, of stiff * lay qunhahb/ a 
calcareous intttl); team r the border it fonsra* of ramt* and 
in the dmnneh through the raid, of hard and bank, 
sandstorm, conglomerate mbbk, «ial a fill 1 r Um 1 out, 
Close outside the tol and tie: hm* pmmig t* , *k!,*« k if 
portions (wlme inn t >*al by may * koumb,*, the 1 ai *•,, 
is sandy, ami it '«kp * u brujalv u4 * mdashom tbk d<j**b,, 

In most iigiioiii the tffftdt a *♦*, 'ah rahh# m toe 

centre than in the rhanw U ; h 4 in 1 hSa ika M ai- t «d^r« 
the marginal ring -formed t<xh *Mml Ut apaii, tin 1411m 
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depth is carried avn* a tit- e;4h** v* T 'wsn *4- rf p water 
line 011 0i?r Mile in tint nn M, * u* ! »t * > i x r< ‘urn Ir^tii 

oiiri? again remarking cm ii, * '* . * * de* m an»,*v. < % 

great finely and ?*em*rai5y % > n> *\** > '* f t * T M«p*5y nmn 

the tuifafhmmihV «m w ah b « ^ ( j **" ,f a .ddrrl 

and its bonier synmmt* f ,d;v n ^ w ^ol Iwm* of 
eorahrork, jn4 lipping tbe ' \ J U* <- * * ' - 

clothed with vegetation, and «‘ n h * * .afar < g a utter lilt ©f 
clear water I 

In the southern MaMhv, «M wu 1 n »im« 

large «tte%ftll the ^mad r^fdt# 'mi i' ** rmar l# 

the surface, and are dr) at low w.n -f *g*hne \;d*i ; lamce m 
navigating them, thfie i no tin * r tmm * f n< aii<» 'unkv* 
This ciwmiviUmn* is very imtuifum^ ;< %*<n\]n ?nnr m«ll% 
for iniiaiire those of itr fir yhbM/rm,,* i I V"* tw#f i 

single reef cmw , to th»* nmt rr* n»i4 m we>a uii^t * rn^ia 
few only do, and the r» a ho /<! ^11 mirror dkfe *!* | d v from 
the bottom upwards, Wfirtt tn .ding of br m-w*b ©f entnl 
I shall again refer to thh *■ ii l i|#m i 

Although in the m w)Anmhu*d\ of dm- An Wt> 

pelage the winds, during tun urn no; % \>v # d nrog ormlt 
an equal time from npj onV *j* f »ner\ aid T*v «v ,.»?< I 
am informed by (‘apt* Moresby, the m** m ly mm m 4**« the 
strongest, yet the islet * me atioo t alt j4me#f <>» ii T ^ r e.mm 
tide of the nortlwrn atolls and on tie* %#tit!t rmfrm s dde #f 
the southern atelk That the hftm tin n oi dm , m 4» 
to detrittis thrown tip from llie m\V^b\ m in flm vnlmmf 
manner, and not from the interim ni de- \%p j mn m&¥ f l 
think, he safely infitreil front u\ m d *» e >u unt n , t mUfh 
it is hardly worth while to detail S\ \ln: 
m not the strongest, limit Mum pmfiahly 1% aided lif 
some prevailing swell or cnimth 
la groups of atolls, exposed to i ttade*wkid t the iliip 
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channels into the lagoons are almost invariably situated on 
the leeward or less exposed side of the reef, and the reef 
itself is sometimes either wanting there, or is submerged. 
A strictly analogous, but different fact, may be observed at 
the Maldiva atolls—namely, that where two atolls stand in 
front of each other, the breaches in the reef are the most 
numerous on their near, and therefore less exposed, sides. 
Thus on the near sides of Ari and the two Nillandoo atolls, 
which face S. Male, Phaleedoo, and Moloque atolls, there 
are seventy-three deep-water channels, and only twenty-five 
on their outer sides; on the near side of the three latter 
named atolls there are fifty-six openings, and only thirty- 
seven on their outsides. It is scarcely possible to attribute 
this difference to any other cause than the somewhat 
different action of the sea on the two sides, which would 
ensue from the protection afforded by the two rows of atolls 
to each other, I may here remark that in most cases, the 
conditions favourable to the greater accumulation of frag¬ 
ments on the reef and to its more perfect continuity on one 
side of the atoll than on the other, have concurred, but 
this has not been the case with the Maldivas; for we have 
seen that the islets are placed on the eastern or south¬ 
eastern sides, whilst the breaches in the reef occur 
indifferently on any side, where protected by an opposite 
atoll. The reef being more continuous on the outer and 
more exposed sides of those atolls which stand near each 
other, accords with the fact, that the reef of the southern 
atolls is more continuous than that of the northern ones; 
for the former, as I am informed by Capt Moresby, are 
more constantly exposed than the northern atolls to a heavy 
surf. 

The date of the first formation of some of the islets in 
this Archipelago is known to the inhabitants; on the other 





hand, several Islets, and even some «l those which me 
believed to lie very old, are now last away. The 

work of destruction lias, in some instants l«c» t.omplctcd 
in ten years. Cap!. Moresby found <»« one water-washed 
reef the marks ot well* anti graves, *vhn It w«-se ••vn-vatcd 
when it supported an islet. In South Ndlamlow atoll, the 
natives say that three of the islets were formerly larger; in 
North Nitlandoo there i# one now hang wwlml away; and 
in this latter atolt Lieut. Prentice found a reef, about »k 
hundred yards in diameter, which the natives |*o*ilivdy 
affirmed was lately an island covered with cocoa-nut trees, 
It is now only pitrttally dry at low water spring tides, and is 
(in Lieut. I’rvntice’s word*) “ entirely covered with live 
coral and madrepore." In the northern putt, also, of the 
Maldiva Archipelago and in the Chago* group, it « known 
that some of tbe islets are disappearing. The native* 
attribute these effects to variations in the current* of the 
sea. For my own part 1 cannot avoid suspecting that there 
must be some further cause, which t:*v* », u ** to • m h a cycle 
of change in the action of the ament* of the peat and 
open ocean. 

Several of the atolls in this Archipelago are so related to 
each other in form and portion, that at the t»« t glance one 
is led to suspect that they have originated in the dis*«v«' 
ment of a tingle one. Mil# consist* of three perfectly 
characterised atolls, of which the shape and i dative jrositron 
are such, that a line drawn closely round nil three, gives a 
symmetrical figure; to see this clearly, » btrgrr dmi is 
required than that of- the Archipelago in I’inv III.; the 
channel separating the two tiortltrru Male atolk if* only 
little more than a mile wide, and no bottom was found in it 
with loo fathoms. Powell's Island i* situated at the 
flfata n oe of two mile* and a half otf tbe norther r. «nd of 
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'Malilos Mahtl<wi(#ctf Fig. 4. l'h\* Hb)« & km. point 
wlieie the urn Miles uf liie latter, it ^ *":i » *!, wmilrl mal; 
no holt out, however, was loniifi in the channel will* JOo 
fathom?* ; in the whirr *r ii:iiinrl hr tween Ifof 1 '0 'U *>* nl 
am! the .southern end nf Mahlon Mahdcio* tu» bottom wa?i 
fount] wiili 250 fathom 1 *. In tlicmt and eifiiilaf eases, the 
relation consists only in the lot 1*1 a tie! podtinn til the atolls. 
Bill in the channel between the two Nillaudoo atoll?** 
although three miles am! n quarter wale, wnmdings were 
struck at the depth of ixm fathom* ; the channel between 
Rosts anti Aft atolls is four miles wide* ami only 150 
fathoms deep. Here then we liave, beside* the relation 
of form, si subliming con itxumh Tit© feet of sounding* 
having been obtained between two uv pat ate uiliJ perfectly 
characterised atolls m in itself interesting, a* ft tot* 
never, 1 believe, been effected in any of the many 
oilier groups of atolls in the Pacific and Indian turn In 
continuing 10 trace the arntmubm of adjoining atoth* if a 
hasty glance tie taken at the chart (Fig. 4, Plate IIL) of 
Maltlos Mahdoo, and the line of unfathomable water Im 
followed* m mm wJ hedtate to mmidrr it m me at 4 h 
But % second look will show that tl k divided by a bitter* 
eating channel, of which ilm northern arm It about mm mile 
and in wl#tl% with an average depth of 1*$ 

fathoms* md the southern one ihrm qmrim of it mile wide* 
and milter less deep. Time rliatittefe resemble in llte *loj« 
of their sides and general fortft, them which separate atoll* 
to every respect distinct ; awl the northern amt k wider 
tits, list dividing two of tin* Mile atoll*. The riifg'forwed 
reefs on the skies of tliin bifurcating chaotic! are ehmgsfed, 
m that the northern and southern pultons of MMm 
Mahdoo may claim, m far m their external outline ii 
concerned* to Im considered m distinct and perfect atolls. 
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Iliil ilr inumv4iw* r fbwc \\*n, n* i r fwk of t| fC 
clyiisi*’^ if ti mb? d b> f ‘ h" * y ' ! * 1,411 
fiiitfuiiii«l mty otvr <4 >* m n f ' * 4 ’*' ' oyil 

dfovmsk r\ Malm * M " *n ib ' m \ my t^a i 

in vi i^Kftiicdf ife* it' f< * *’ « 1|Tf k* f rcndmed 

eilis.t 1 4 4 i <* 40 M ir 4 7 '«> * * |i# n^i i* |rrt* 44 i^| 

first fhii- . 1 *? :>K 4 p'dut 4 *, ” in- ** ^ wifMlsT 

Tin 1is an in mror <4 t \ ** 1 n > -4 <* *4 iwr Apimumt 
4 ljHiw:i?iii:iil al asi alkl Un a 4 l nkr «<." m muf 

respect* i« mVPniml at Tdia 4, mM. <n I 4 **‘**’ nf 

llsb ahnl, flic ««, «im aw f r**K •' 1 t 1 ^ s «r ,pf! ^ 1 
0 ltn iv that the mb trnf on ion cn mt - * *J ^ ***• ir * tlm 

nor! hern awl m tuffs, w ny 1* " v * hi 

ire mi perfect ami ?U?k o ♦ *'CtV% cel ih j a * biitft 

which they nw* it so hnrl no * * ( -mw 4 low h. m*, that %t 
cam easily imagine the ct fhi m*' nmO nuM t 

not into two or three irJttMn#, bat c w % mVM* &tmp of 
alilatttw atollc A fwH't wc . * n*b * - w-" Live litre 
trtcitb ifiijwiait tin i«io , t mil* .10 tTn f ^ 1 | 

tod It will tiemiftHr lie wetf t *ti >s ih th* n ^ wS* off, 
with the upward growth «f the rnf.^h ?ii’»ooir4 h) arndfiiti 
of probable oceurftwct # will account Cot the weiwifsti 
diitiferifietit of targe atulla 

The Cheat Oisyo. hack iilooe rcin,ic^\ Of hr 4ryiilie4 

In the Chagm group there tie vow rokoo> atoh'% 
ammtaf nn*H ri-ing to ihn ctirfVe but wit^ ^>0 ««o> i%lrH 
them, and wmt* &folbform«*d hmm ^ ctil^r ^o,*c ^bmerged* 
or nearly so* CIf the latter, the C»o «? Uwtg c H n nmli 
the Sargect, ami ilikrc in tt% i-n * ivm ilr u^t\; m 
plan of It is given in Male IV*, Fig* t, in which* for the rtki 
of olmtnm* 1 Imte had the pitto mnler i«w deep 

finely ihaded ^ an east md will ventral serf inn h given lit 
f%. a, lit which flit ttrtiml mdn im \mm ommm&y 
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Its Iou.i--t*' t 4 #*tsJ'4 ii ninety i?*nillcMii ? titles, mill 
another line drawn at ngh* It# the tfo*, the 

broadest part, is M-vrnty. The rnurai }%*n. uf 4 

level muddy fit!, Iirlwreit for tv and hf'ty fltffanm dr^p, 
which is smroutKkd *nt fal tide., m-tli far «f 

some breaches, by the odge'* of a *if Iciffan ruddy 
arranged in a nrrhs Tim* banks <'omfat t*f mml, with *1 

very little live r^ittl; they vmv tn breadth 110m five to 
twelve miles, and 011 n?i average lie alioti! sixteen fathoms 
beneath the surface; they me h»*rdcrrd by the mre ji edge* 
of a third narrow and tipper hank* which tmtm Um rim f« 

the whole* This rim is alioiii a mile in wi Jlfi, ant! with the 
exception of two m three spots where islets have been 
formed, is »nbiii»tge 4 -n live 40* J fen fathom*. Ii 

©onsiit* of smooth hard rock, mm or 4 with a thin life# of 
land, but with scarcely any live m-^ral * « k steep on hetfb 
sides, and otitwaiffa fap-i abruptly iitoi imfafhnwishte 
depths. At the dMamt* tf l«t ilniii half a mile from one 
pan, no bottom was found with fathoms; and *df 
another point, at a somewhat prsrs ilfanm r*% there was 
none with a to fathoms. Small «fec|imitkfl tranks or knolls, 
covered with luxuriantly growing coral, rise from the interior 
expanse to flic same level with the external rim, which* 1* 
we have vast, 1 , fa#o; *4 only *4 ilici I r» * fa It c* nafiwnUn 
to look at the plan {F%. 1, Hate IV.), although reduced to 
m small *1 j ak% infant hi uw*< y nmvmg t 1 *#*! tfi** faioat 
Chaps Bank i% in the w*ir«fa M Cfapt Murcsh ^ 1 •* nothing 
more than a half*drowned atoll* M Iliii of what great 
t&ittmthkm i t .md of to.w ctCMfctlmny an m*< *ud <4 mi owe? 

* Tffip oftetf fan lijJ Uii kifiiliwfii i# tittf in #*c«llfilt Mfa 

ir^^iRi t 4 ffa Vi^^<n pfavh, the4 §^j ?i, I »<>#** t| f r j^ifaftuwf 

«tti»l Irma vcitot Ii# 1*.tMrwfWh uttiM 0# in#* fa 

Moresby, tJwr il»fi m&mrt of tie thmi Cbagi* tmk m uUm 





We ffliaS! U*-u 4X1 h v * * * ^ ,<! * 1 " 4 * r >v « ‘ '> |U 

suUiiwrftwl 4 ,! t » hhh u t- * i i hr m llie 

j.rcffljf f anti tU * »*■!.• * *' ! *'< ’**•> 14 ; f * u ' * % 

w!ii«:)i litmntl fmi * '* ’ *■'’ 1 * !il \* m 

ln» liiiwii, luw ?r%itl? j 4 ti‘fii» - * * 1 11 14 ,y * u < f '* 

wtiifli lifW prc,«llit,cil ihif 'u\Ua< 4f?»g * u |f|Vl 

Matulo*** 
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Clottly mi mi* it in ht m anJ ;ft tt.mtt Width tw-,4 

depth 0 / fh$ /.i; atn-tfliimsfft , - fu* 4 *-fat} /<Wi#k4 the tttf ### fttnt «>/ 
mikp f amif/mi*»tty m tht /tt'ti -rir./ -»r 4wi.i /*» th* fithHjg mf 

#/ M# fa%&*>n- • ihi »##/#, — *V#'?4? #iwY nfirtjtftftt-ftati gf the tthttvfci 
Mmmh, ^A'umhr if iiMndt imiiwm the mm$ r##/, 

§f Mmn CakSmia m$4 Ami*ati** •*•?#&fan 0 / the ?m$ nfytfitm to 
the skft if if ' / 4 ?i## in i i%fni f ttjt K?-* ‘ttr\ §f 
hitrhrnmft* 

Tin term 1 barrier* Im teen generally applied fci that 
?ail reef which fronts the M*K. shore of Australia, and by 
most voyagers likewise to that cm the western mmi of 
New Caledonia. At on? fitn#* 1 fitMi\hi it convenient 
thus to restrict the term, lint as tiiro* reef** am Mwdir 
in structure, and in position relatively to the land, In those, 
which, like a wall with a deep moat within, encircle many 
smaller Island*, 1 have classed them together* The reef, 
also, on the well coast of Mew Caledonia, circling round 
the extremities of the island, it in intermediate form 
between a small encircling reef and the Australian harrier, 
which stretches for a thousand miles in neatly a straight 
line 

The geographer liillit has in chert fftntit 

lmrrier*recf% which mrm h moderately sixed idands, hy 
ailing them atolls with high land rising from within their 
central expanse, The general resemblance between the 
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‘i fKt Kim r <,f 4 *'V <K a \ ' mt K tW 

'.tm\h l«m ."•♦< *r. *»‘ T 7 o --!■'• f " •' f< *‘ - .* v ; *V, 

), ir-,, hl.rr^ i n' f i j * I M h f K 4 ' * i- f 1 ' J *"* n j.ift 

nf X'uv \*Jtr fh « 4 , ' 4 * ,s * ’ *• '* J«f 

ii*niiv *< i!I<*i^ ? l ,i* t’ 1 tr , ” ? I a f i < '*% *ii f! la-rtt* 

i if hr I m o ^ 4 i J 5 J ’ * ^ / > l * ! ' ! * 1 'r r ff*> 

there * M »* I >. * r r 'V ' <V h t!i<* 

lKY#ifl * "irhh'/j/ v ,4 > 1 * ( Kr *** f 4 

ItriVt f#f N»'W t'lh'Vi^, t , * h , , V < ‘.4 Hi 

Ifffll tf/J Ufi^m , l! I» f ‘- * * <’ f i ’« v. 1 r f; fif* 

lli.l! fill’ iJore > < nm ! I,#' ?r« ' , • rf ,r' r # ’| t',f» 

Maldiva 


J entt jnvi ie * 4 ml >^f*i!i»rs t % < <tl * ,* s i « 4 *4 * ntsh 

which Jive mi tli' nnirt owvo* tVv u t i. -v I *'m' M'T 

at Tailllii itlfhonVi f %m> bm *> .**’*, t '* ' V *** < Ut > v» fSfftt 

|f|f t» t« Wf lU** JlVlN^ m. '* i K,* n «> h,„ 4 U 4 W f M| I 


heard from nm** in^in^n* ». 4 ? ^ «' J » t* *7 ** ^ m/^V 

In lleir f0tttwl4*il $n4 hsm% f 1 ^ >K *n% fir *u 

of Kediiif, Hull In** m # n h’ r *• rj f wirch 
W4ii visible \miw%m |lr* w4vr% ill S’ w ^r?irh 

^Uted of ft runtMKd t rouvr 1 *, nnKr „h i' r \ ^ ih >* r f rMn^W 
coaled with NaiUf#* *i*i < itii >tUt* 5y * .< **» !*..! whirli 
1 linvtf 4mn\mi M ,it 41 IV 11 I Kw4 

when at Tahiti, and fi^'it t!ir l ? ,r !>% V, 

and J WiJlkiii! 1 ^pmiiuk ihii* i1«m fr? har 
Iff common to m^f of Koe eiu mbn\ r/ f iraK *4 the 
Society Arciii|#«lago* 1li« rrrf wniin ?hr tmmfd m 
breakwater, fiat »i» e&tremely nr^-hihii %mlw*** *wn 
more so than tmtwecn the kkt * mi o f of ICfriiii| 

1 Tht amlttirltl* ktm wkcli %kmv b**n 

t^ttltff with umw® ffftwt* A# it^etit, tir ir # #p|#teW 

p$i, ftadifftlv# ni tlm bhtm* 

* l>riiTwpt*. MiKf W. 
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atoll* A’ith Ahlcli alone (as theirs n?v no h!t-n on the reef 
of Tabid) it ran properly be rnmjaieil. At Tahiti, tho 
reef h very iiivpiilar in width: but round many other 
encircled island*', for in ;t ut< e, Vanihoru or t Jamhier Islands 
(Plate L t I'i*;. Pbm U. f lb s n), it i mein-w te etbif* amt 
of the • tmw a v nape width,; , hi turn a" * 4- Mo a barrier 
reeds on the inner bile slope in ynltrly into tin* laconic 
channel (an flu* spare of deep wrlm f ?, p mbit" f!i»* nvf from 
the ttidtul d la ml may bo olkdb but at V.mihom the mef 
tifopwi only for a shots dimmer, mid then terminal"?* 
abruptly in a tmbmaiinr v.vil, forty fret bi^Ii, - n aitti.tmr 
ah ohtlely Mtitibr in that described by Chamivm m fie* 
Marshall atolls. 

In the Homely Aivhlpolv*/^ Kills 1 that thu reefs 

fpiventlly lie ni the ilmbnae of bom mm to one and a brill 
miles, and, ncr-nionm'Jy, even a? more than three fiiil#**, 
from the thorn* 1 la* mop 1 umno'aim no* wmeralty 
Ijmdercd by a I mine n; 4 ?, an-! ofo-u tomby, alhnrtl 
land, from one to b nr o:' in wnhb. T\ \ itv\ f n* rnneoH 
of roral-sam! sari drftbii. fhnmn lift from tn*« |y;oom 
channel, and of sod v.vdwd do ao isoi the Inlb; jt m mi 
encroachment m the * barm* I, anMoponn to that low nml 
inner fan of the KSets in many mmh wliirli » fortnerl 
by the amend itmn of matter from tf$e bipooio At 
iloyohm j, Pam 114, in dr* Oriibm* Anlnpelmy 
Urn m f cut the ' unth * ids fa m bm than twenty mile*; 
on liar mot side, five; and no dr noith 4ih% Urnttmi 
foiled twin the tie In led Id, h f md - 

The la; non clintiiseli may be « nm pared in «wy impm 

1 C ^f# On * ii dh» 5 *n»! *'*or jfiiMo f 14 / <■ $ > I y 

lf?#» IS i. W t I no reifwifjit fe f>4l lult 

3 bo* t itfkk ii JJVei, ir4 O.r 4//#^ #J# t%pi%f #/ #4# 

d’JtMw t.y C'«p!<tin Uumoat Ibtholk, |i, 4?!, 
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willi true lagoon** In mme ftvy me open, will i 
level bottom ctf fine vifttl; in others they §?«* choked tip 
with reef* of cieltontftoy liratulml mhkh have 111# /. 

same general charactor m thov.* wiilwi the Eviling atoll 

These internal red* ciilirt ettwt ^parattoy. «c more €#»* ; 

mmly skirt fto* *h«m , ui ito“ n f tol i to/? . v*to The > 

depth of tfie Ja/M* ?* & k «i,r* * ** If 1 S* ' <;*, ! Jandi g 
varies from two or three to thirty fathoms; in Cook 1 * 1 chart 

of UlicttM, however, ftoi * v • * < ‘ f * * f l down of 

4S fathoms; %\ Vamkoro there are several of 54 inti one of to 
5 #| fathoms (English), a depth which even cuiwd* by a v 
little that of the muntor M iv # ; w! it .too * .% to.ott ;v 

harrier reefs law* n / tow to* n m< tov# ; u to to \ oilrrs are v 
surmounted fay nmm *04 onev; ;n d tv * r nud fvrt nf g i: ; 
Bolahola (Mate Il t Ei§* 1) form a single linear strip* The : . ; 
islets first appear either on t*v mu h v • t'W, on lit 
sides of the breath"* thrnuto* rt> <0 d a?.' ^iriily mon u 
numerous on the wind want 0 ^ Tv* re** I to k* ward 
retaining its tmiai wnlth, Muo*-5un<'* bin wdim*-ryed wmml 
fathoms beneath the *4itbnc; I have already went toned 
Gambler Island as an instance of this *4nvt«fi\ Kith* 
merged reefs, Staling a kv ffvtti#d ontltnn *to,irf t aid 
covered with sand, hive Inmi oV«emd Appendix) off 
some parts of Huahcine and Tahiti* Tl#e fvtf is mm 
frequently breached to leeward than ti* wuidward; thus I 
find la Kruseitstcrn’* Mmmr m ike P&mfr that theft ; 
are passages through liter enriftom.t vrt nn the leeward 
side of each of the seven Sow iy ftottitoc wto* h . 

sitlp^harhoufi} tut that there mt npmhu ** to windward 
through the tmt &( only three of them. The breaches in 
the reef are seldom a» deep m the inferior t§f§«»Jfk« 

1 ffes tit chart In t#>i l nf f!«witc»wrfflf»'« *t** c4 «f Os** 1 # ' 
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channel; they generally occur in front of the main valleys, 
a circumstance which can be accounted for, m will lie 

seen in the fourth chapter, without much difficulty. Tin.: 
breaches being situated in front of the valleys, which 
‘descend indifferently on all sides, explains their more 
frequent occurrence through the windward side of barrier- 

reefs than through the windward side of atolls,.-for in 

atolls there is no Included Lind to influence the position of 
the breaches. 

It is remarkable, that the lagoon -channels round 
mountainous islands have not in every instance been long 
ago filled tip with coral and sediment ; but it is more easily 
accounted for than appears at first sight In cases like that 

of Ilogoleu and the Gambier Islands, where a few small 
peaks rise out of a great lagoon, the conditions scarcely 
differ from those of an atoll, and I have already shown, at 
some length, that the filling tip of a linn lagoon must be an 
extremely slow pioeenn. Where the chanted h narrow, the 
agency, which on unprotected eon 4s b mo 4 productive of 
sediment, namely the force of tin* honker s, H here entirely 
excluded, and the reef bring breached in the front of the 
main valleys, much of the finer mud from the mm mu t 
be transported into the open sea. Ai a current is for mol 
by the water thrown over the edge of atolbformed reefs, 
which carries sediment with it through the deep water 
breaches, the same thing probably taken place in barrier* 
reefs, and tliifi would greatly aid in preventing the lagoon- 
channel from being filTd up. The low alluvial bolder, 
however, at the foot of the encircled tnonhl.iini, sliowi tiyf 
the work of filling tip h In progress ; and at If aunts flTiit* 
IIL, Fig. i), in the Society group, it fm been almost effected, 
so fli.it there remains only one harbour for small craft. 

If we took at a ua of charts of harrier^rcefe, and Irate out 

* 7 ® 
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in ilir cm h* led hnvd, vo* um\ in S that* Witdri 

the many |#oin!^ ah« Cv t m < * 1 f o *'* rn *^ ^ 1 ' 1 

of itScsif>y m sini^Mf with 1 ,} ' 

agrecm<»t in tv-?' »* ■'• * * J lomtfriftg* 

Kttnrdiiig U\ttU nr-Is, hke ah»h , M ' ? * 

with an im^ukriy round 4, %hn%u\u v*» v *> ? '«! f Mb 

line There arc atolh <if a4 ma'-*, r o44 If * i -an two tmln 
in diameter to rbiv tnihr« (fvlitilin* Iil«n! f M t'U * m ll 
consists of a ituittUvr of »lm»4 imk; mtbm -oT 

reefs) | aid there are mtm mi \u,n* t ^ \um tixtm 
milef and a half to m m 4. »oi“ '-r t "Turtle 

liland ht*m^ an lira we <4 ifif ftirw o ** 4 11 nd n #4 tht 

latter. At Tahiti tlr rwirrhrl C f .u j thit!> y* um*** ii 
Its Umgest ahd .1 ft! Man ' nidy a l iu* ot fetliii 
two miles, it vdil In Cto^n, m \\m 1 ' ' m *hh 

volume* that thm* f * tin mk w? v< * C! wv hi fte pump* 
ing of alalltanti of rumtmn id rod ^ .*u>\ '*mv wu mdy tmm 
mmt lie the »itie wmmhUnt^ ?n t!,^ 44#* 1 mp ut mu&* utti 

of encircling \mtwptuti% 

The Islands lying within mT* of thi< f.Jee* *w nf wry 
various heights. Tahiti 1 is ywo m»’t ; a : 

AinniU #©» and Miuioiai m.ly yt Tv* grr.h< * r T n;it?i« ■ 

of the inr ltulcrl land sat test m mu i Msr« ti f 'd iifiiitllt : 
volcanic origin f owing sppifenllf to the fact ttat isiiittli <rf ; 

this nature ate mora frr*|uent wifhtn all al - ■*; ' 

.:,..towiW| att of iiiicirtfiofliie uml tAhm of 

, ...{Hrimavy foraaticHt # of which latter kind He 4 Caledonia : 

1 The height of T»f«f# U %mn Imm VAfimn \U^< ’ %Umm ii*m \ 

i«. ■ Mf.it* D. Ucnnett {Cm.mph /mr, t voh vi4 p* Wf; Mmitiki (tM 

mmh m Imti il# 1 ml m tl««f^ 

liter!* from m »tlirtif« hy tin iltf. f, W4^«< 1 in 

faomvwt ®e In %m*i mi f ctmirittf^f wm|4#i: 

of tht endrtM tlm ;‘ 2 
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offers the best example. The central tend consist"; cither of 

one Island, or of several: thu% in the Society group, Ktmco 
stands by Itself; while Taha and fiaiito (Hg. 4i H»), 
both moderately large islands of nearly equal size, ant 
included in one reef. Within the reef of tie* Gam bier group 
there are four large and some smaller inlands (big, 5> 
Plate II,}; within that of Hogoleu (Pig, j, Plate II.) nearly 
a dozen small Mauds are scattered over the expanse of hip* 
vast lagoon. 

After the details now given, it nay be averted that there 
is not one point of essential difief emu hmmxn encirdiiig 

barrier-reefi and atolls ; the latter enclose a simple short of 
water, the former encircle an expanse with one or mote 
islands rising from It I vm i much struck with tlih f m:% 
when viewing, from the heights of Tahiti, flic dhtml 
Island of Kimco standing within smooth water, and encircled 
by a ring of snow-white breakers, Remove the central 
land, and an annular m f like that of m atoll in mi r;«i> 
a re of its formation U left; remove it ft om IlolutioSa, and 
there remains a circle of i*t«cnr coral‘»Si:l^ciowiicfl wtill bill 
cocoa*nut trees, like one of the many atolls scattered orer 
the Pacific and Indian Oceans, 

The barrier-reef* of AustralLt and of New Caledonia 
deserve a separate notice from their grrit dimensions* Tim 
reef on the west toast of New Caledonia fk ig* j> Plate lib) 
b 400 milts In length ; and for a length of many league* ft 
seldom approaches within eight miles of the shore; and 
near the southern end of the island, the spate between lit i 
reef and the land h sixteen rmlei In width. The AitstraSiati 
barrier ext ends, with a frw interruptimifi, for marly n 
thousand miles; its avr.ra ;hi rir.tanctt from the la in! h 
between twenty and thirty mi'ei, and in tone* parts from 
fifty to seventy. The great arm of the test ilitt?§ included m 
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front ten to twenty five tnthom th * \, Ait;? #i^l> ! ( dlm ; 
hut toward 6 ! the v4tihem *;ul t wVm d *- ml ,c* further 
from the shore, the ch-|ill# ciud ’'thy to* ? t n, to P*rty f and 
in some parti to mow than : i4y In*/ m , 1 t,wh ? J Jm* 

described thu %tsrf#are of tlm nr? it m,i , *: , n| a bard 
while agglomerate of drttm*rd kind* *f mr;*!, mitli fmsfdt 
projecting point*. The ©utT edge k dm litylr'4 part; it 
m traverucd by narrow gullies and at r >t<* intern!* if 
breached by ship chaimeh. iV '**% »<* r otmkh* Is 
profoundly deep; but, in front ut t!w main breaches 
soundings can sometime'* he uhv/mwl Smut* low Ulm 
have been formed on the reef* 

There h one important \nm% m liir rtiwfur** #4 hmm* 
reefs which must here lie consigned Tir* ^ ot„muying 
diagrams represent north and south mtmd i f ithnia taken 
through the highest point* 01 Vawknro, (bimbirr, and 
Matirtia Islands, and through their eimn Utm tv* ft, The 
scale both in the horizontal uml vertical dim twn h the 
same, namely, a quarter of an inch to a natural mile. Use 
height and width of these islands h known; mm I f ham 
attempted to represent the form of the land horn the 
shading of the hills in the large puhlidn il t mu, It \m 
long been remarked, even from the time of tempter, that 
considerable degree of relation rtdr Ut* betwr<?i the m* 
clination of that part of fiat land wtiw h in tjvrw.it b water 
and that above it; hence the doited hoc in the litre# 
sections, probably, d©a§ not widely differ in mrUmUmn fmm 
the actual submarine prolongation of the bmt If me mm 
look at the outer edge of the tm( (A A), and l«*ut tit mind 
that the plummet on the right hand mptemm a depth ©f 
i,aoo feet, we must conclude tlwt the vertical thickness of 
these barrier coral-reefs i* very great 

1 fltadcnf FSjyip r# ftw t oI» IL ft, II, 









I. Wmlhnm, from tte At 1 **# fifth* I'* *lm Jo,aOr>% t*v ft OT* vtlh 

1 IJjiiiitfkr Irtonil, t*<m I>» * h»*y, 

ft. M.-ifirin, I lift Atbtf ih* iWy * ,m *<f ffo t'- pvJp, Ik -k>/ 

Tim li«rl»mfal I!fi« In fj.v I*’Vrl «f lli« turn »J *l*h t*H JJ»* f li ♦im! m 
filiiiiiiitfil 4m^n4% wpwiitffig % ilr|4li t*1 ;*o I *h *m, **r K •* t, 4 m 
wtfl<»il *h alim htmn »ttm •© p'vm of *li‘* l\n l„ on*! lb- 4 1 tl*a 

i»f Hie i*ndrrlif*g !i irrfor m*f; from fim rtf tlw iKib, fli*- 

ct»i«w4 !^?jH ii < 4 \»n t^pmm y4r*J 

AA Cliitf n^l|fti#4 1 I *b* r» Sif< * 

IIIl«TIii* tiliw* *#f itm mrlnint liitttmb 

I must ohima* that it Miimi* lad been Ml* it m 
any other direction twxum flttati tltticfK nt **<*Mvn ullirr 
encircled iJamb t * \\m result would have bent the vttitr* 
In the succeeding chapter it w;ll tie rdiown that reef build* 
ing polypifm cannot floumh atfffC4 dept Iw* •« tor tmuftce, 
it is highly improbable thnt they ran cxht it! a Irr of 
the depth represented by the phniinirt on flu* right hand of 
the woodcut, Hero tl#?ii h ,t pt* 4 ntfatmt diffirntly-* 
how were the hagai ft4t*§ of these hmhtXixh filmed ? It 
will, per haps, occur to r mm*, fki? flic aiiiial rc*?fa formed of 

* In Itr iMi rli4ijo- r > *: 1 , ' a *«\ f W/*O *t It r« < » ‘I if|0 | g K??l f|f 
Itcilfttplft ttft4 I?i I ?jftv?? f'' f * C Ik? if^' Mi ; * i^f illiwfi«,ft«^ 

utf't'ilat hnr in it fftKiwfinl it tfir %rr Omj 

referred to; if o t ;4 n* ft ,m tl« #•*tkt 4#/ th# */ CV/in/V* fy 

Btt|ifrr*|. Tilt; iic|#lii the it 
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coni arc n>)t of , J <*tt lit r, t a p oi«ir littf 

growth, the coast* of ftac encircled Riatuh wen? ?lec§If 
eaten into, ,v*d c,| * 4 ' " 4 r o ./toe oh " ?* 4 .* iiittt 

left, cin the t**J.y to to tot the rural grew; hit if iti« till / 

been the case, the %\wtc mmH have? tern invariably" 

hounded by lofty«he ,i r 4 ? ^ tor* * ‘ * 4 u 'V*j to flit 

lagoon-channel, as it does in nvmy trto %m€^% tin this ; 

vietf, 1 moreover, the r r ,if n " n ? f ? r " to to 1 v ntel 

ft great distance from the land, to-*, ug a }» and 
broad moat within, fouto , ?dt < u ^t to f <tovd, A 
supposition of the situr natm**, f nd ;■ ^ ur u- ,o first 
awe probable, ii, that the recto sprung np from tali 
of sediment, which had nr* totoibtod r *' * S the %h*M 
previously to the growth of the coral; hm the estensioa 
of i bank to tii** » %w* *1 te*- round toi unUr^k«rii ■ 
coast, and in fwto * f itoue tte ? f ;*n % to te n* # i fast®, 
Kafatias* see Hate II., Hg 4) wlto Ii p» ir ti,*v in*nly to thr 
heart of some rftfifdcto 1 to ,4;, t * * %*? 4 u, to ■?'•; 1 *UMu 
And why, again* should the tv 1 iftto ; oj, ' * wtotomu 
steep on both m\m like a waP f at a ft * >m *■ of tw^ three 
or more miles from the shore, frtti s < a t itototo uitei 
between aoo and 300 feet tlreft and m > ri|t burn a «toj 4 lt 
which we have reason to klktt k to the growth 

. of coral? An admission of this nature casmot possibly he, 
■ made. The existence, also, of the deep channel* utterly 
precludes the idea of tin tnt kwng grown o»j 

a foundation slowly formed on in mitsifK by the arctimnla* 
tion of sediment and coral detritus* Nor, agam, can it 
be asserted, that the ntrf building ftorato m 4 i uni grow ,\ 
excepting it a great fwm the hwU f^r f ai ^ 

1 TbiRw- I>* Ifmmm s,i»4 Mr, ttow**?! !/«##?, n/ IV>^ ^ 
Tmm% v<#l i p* t\%* Iiatehikif u?|g«il«# 4ipk»il<ifi %i tk$, : 

«%in of IN ttielfillBf i«fi tit Itmtiff ; * 
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•*Ii41 onn .v v, imiv i. * v** »**u of i } v wim .< Mk** 
their limnt r;o'.yn^ f h* *y *1 (tefni i <»'/ v.hv!© 
the ?.ea is i^e p) to the bvauli. A" New < X!* domu ('.«• 
plate lit., !\ jj il i > I which run m limit of llir v.‘ ^ 
ccmt are prolonged in Hm am*' line ?SiotJr* ImfCMid lb* 
northern extremity of tin I hind, am! dti, d nmu that nmr 
explanation, qmo* dhimeni tioni any m lino 44 ju t Miggwted, 
m required Tlv* tmnttfifiutson *♦!’ the rent > on * m 1i cub i4 
the submarine prolongation »4‘ X w CiNfbmitt i * an exited, 
ingly interesting fart, if* ihvi juit farmeriy exited it*i the 
northern extremity of iter dim?, ami before the all it line *4 
of the coral had Ik *n worn down by tip* action ol the ««*», 
or if it originally extern*! at ito present height, with ni 
without beds of vdimeot tm each flank, how com wo 
possibly account fur the re,Is, not growing on dot crest n? 
this submarine portion, but fronting its Mtr% hi the suimr 
line with the r»a,f» which boat the sin-rev of the bfiy teitiitf * 
We dtoii hereafter «m t tlit there h one, mtd I believe only 
one* solution of this difficulty. 

One other supposition to account for the position of 
encircling barrier*recfs remains, but it it almost too pre* 
poiterous to lie mentioned p—namely, tint they rust nti 
enormous *ttbmaritie crater*, surrounding the inciudedi 
island*. When the »i« f height, and form of tin intends in 
.the Society group are considered, togeilter with the fact 
that *11 are thus encircled, such a notion will lit rejected by 
almost every one Mew Caledonia, moreover, term in ii% 
size, k composed of primitive formations, ai arc some of 
the Comoro blinds ; l and Aitutaki rnr> Kfi of falemrm. 
rock. IVti must, ihmdot©, reject tltmm several explanations, 
and conclude that the vertical tbkktmi* of \mnkf reef * # 

1 I have ten informed that tills it the case tif Ur* hlkn «t 

who has visited life grasp. 
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[H'ut.vibk: thii bultuui ui lb . »i »<s' 15 l,i *’ 

tin; coral would hive no ftftiofi.uit'u <m "*< *h '» ueiuitui 
attached. A similar Cm m y ; ^ ' ri'iliwi 

in reds of the tiarrbi in s winn mibnv \u > . *■ r'nvfly 
the outline of flic wiki-Mi.* hn>!; m fo- .'.n 1 n.v\ m the 
Bli and precipitin vtk «l m v in * h< m ling 

reef is iiitcmijite*!. OtitiNivri * , , d * *>: in* Mov*vUtt% 
which wa'i the uiuf putt 1 vhn« de* uy*t peiwiahy hesat 
the distance of about half a i;t 1 * unu hat in 

gome pails it is distant from a.> * to i-o t ; »«<! f + v< si three 
mito But **veti tit tbit Sal m n ** * H > f "ail ii 
gently inclined If out the fool oi the )u era* 

hear1 1 , and as the \mimht , ;N outvie tV i f, *d imV*v.e it« 
equally gentle $»lupn beneath the autvr, dw h no x* ‘iV’oa 
for imppming that the toto of the trvf, hit *• d by dt * pt% 
longationof tin* \lraUof tlin kkml, ir * «v ^ y/ rOvr drfiili 
than that at which the p^lypb *i - f > no * o' 
the red. Home alinwnw 4 Iiuann u not * 1 hit the 

outward extension of tin tomb on ^ , iMUn*m of vmd 

and detritus, formed from their own vnur, \% % *nh w#T4 give 
to the reef a somewhat greater vn!j*uS tlih lino . to art would 
otherwise be possible* 

The outer edge of the reef on the western ui kit*nd 
tide of the island is tolerably well thim k, a ini i* a liitl* 

higher than any otto \m\, li dm fly r»jt* H * of large 
strongly branched coral*, nt the getiiti Madrepnu, who h also 
tom a eloping bed some way out to %*** t the hi oh of coral 
growing in this part will tie described in the eiifilfif 
chafiter* Between the outer margin a ml the tacit,. tbtf*: 
: $S& flat space with a samly iiott^fo and n i "w toll/, of living. 
■/coral| In mem psrts it h m shallow, that pcipl#* by 
ing the deeper holes mnl gidltes, can wade across if at low 
water; In otto parts It 1$ deeper, seldom however 
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ten or twelve feet, so that it offers a safe coasting channel 
for boats. On the eastern and windward side of the island, 
which is exposed to a heavy surf, the reef was described to 
me as having a hard smooth surface, very slightly inclined 
inwards, just covered at low-water, and traversed by gullies; 
"it appears to be quite similar in structure to the reefs of the 
harrier and atoll classes. 

The reef of Mauritius, in front of every river and 
streamlet, is breached by a straight passage: at Grand Port, 
however, there is a channel like that within a barrier-reef; 
it extends parallel to the shore for four miles, and has an 
average depth of io or 12 fathoms; its presence may 
probably be accounted for by two rivers which enter at 
each end of the channel, and bend towards each other. 
The fact of reefs of the fringing class being always breached 
in front of streams, even of those which are dry during the 
greater part of the year, will he explained, when the con¬ 
ditions unfavourable to the growth of coral are considered. 
Low coral-islets, like those on barrier-reefs and atolls, are 
seldom formed on reefs of this class, owing apparently in 
some cases to their narrowness, and in others to the gentle 
slope of the reef outside not yielding many fragments to. 
the breakers. On the windward side, however, of the 
Mauritius, two or three small islets have been formed. 

It appears, as will be shown in the ensuing chapter, 
that the action of the surf is favourable to the vigorous 
growth of the stronger corals, and that sand or sediment, if 
agitated by the waves, is injurious to them. Hence it is 
probable that a reef on a shelving shore, like that of 
Mauritius, would at first grow up, not attached to the actual 
"beach, but at some little distance from it ; and the corals 
on the outer margin would be the most vigorous. A 
shallow channel would thus be formed within the and 
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ai this break*are pu’vnth'd > 1 to * **n Mr More* hi the 
yailiJ, iii 4 i ;•< they a * Uhl rMmml/ b *r u ; * mmy bap 

Itli’flt!* If<#111 ite* * 'hi i?i 1 hil 4 .« » S V* i / O ( ., 4 -1 It'f lltfll 

prolong***! in 4 A * 1 ’i^Ul liwo to; *■ 1 ; * M * M 1 ■ 11 * 

tttinkl ht listed up only vciy / * I ; uuu 1 ?u?,i u. I kit 3 

lira* In cti »iii4 aw I of tMpnrnt. - a r >* ntouu fcunU of 
1 oral t*eetiw> tit the # 4 ' nj , t» be dowly 

encroaching on tte j shallow * h Un many stefting 

ami sandy tm«l'«, the hrmSoo 11? ml fa tenti *1 bn <4 taud a 
Jittte way Irani the b$ 4* u* with a M f :M imf * t ** of depth 
wil >+ tin it | far hr 44 W 4 % t*;i|U, fb'V* tual ite f iffl 

coast of Australia* in Ub *|, n frmto by a *wnd bar 
about 200 yards in width* on w*n .* Mr* : t» *nt»y two tot 
nf wafer; lull within it the depth mrrrwn a* two fathoms 
Simitar bars, more nr k *» f^niWn* trttir nit ofbrf ewf*. 
In llifse atie# 1 vii^iii that the 'dodinw ctouud {sum h 11 a 
doubt during %\mm% b bfummt % uhbv4,*tedj n xmajidi 
out by the flowing aa**y of the w;if^f fhmwn f # yond the 
lint! on which lilt? wave * birik will* tM gnw? * >t taiu* At 
fcriiainfiuco a twf of toil %>urhiumj whteh bar# the *irac 
external form and height m a coral-met, <«xt«wh neatly 
parallel to the etml ; within iIin bar apprettfly 

caused by the water thrown over it during *M gouifirf part 
of each tide, mn itrcingly, mi mt away iii imitf 

wall Front these facts it can hardly be dwt4ed t tint 
within moil fringing rccfis fsjierklly within tboiu lying 
acme disttnct from the Imd* a Klnrti f4fc«»t mtrf 
away the water thrown over the nui^r rdgr; ami the 
current this produced* would lend to present flit* chanto 
being fitted tip with M?dim»o*? s and might rtrn deepen ll 

1 €&( 4 * GreyV fm* m* #/ 7 i## tui i p. |M 

$ I l»t# ilwctiW tlik »b|«fct 111 il#« md MSm 

Hit* J%.* OcWUt 1 Sat* 
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ctlasii r irni!iv?t.'itirr*i, To * * Vi t # w 

inding that channel* tin* altw^i tsnivrr^dly prrsrnt 
ic fringing-red* erf thm* khmU which 1 nvc *md<:r 
rent elevatory wnvmr»ls; And tlm hardly 

en the case* if the omivordon of the very shallow 
into land had no! been r winter a*- led to -t t.a.'itjni 

ging*recf f if elevated in a perfect crmdiftw* ifwivo 
of the sea, might let pment the wiynNr yr ,<st 
a broad dry moat with in a low won nth Tfto 
if an interesting pedestrian tmir rmmd the Matirithi^ 
have met with a structure cif this kind : tie my^ 
vai <|tie Iti, fill la titer tSialta ititlljicriiflaifsnieiil 4m 
i large, il y a 4 ntfr c#/#rc tt'tjp&Hftmenf on 
Oliver l nait,m,;l, On y pourrait mettre clii canon," 
a wither place he ad?b* ** Avant <lr jh ^r tr f%j^ 
quo tin grot liatte fin coratl elltl de plus tie quin*# 
is! tine esjilee cle rescif* tjuc In liter a aliaiwlofifilt 
n pied line longue fiacjtie d’eatt, dont on jiiiiifiait 
lasiiti pour dc petit* taffies tix, ft lint the margin 
•cf* although the highest anti most perfect part* 
fig moat exposed to the surf, would generally 
§low rise of the land be either partially m entirely 
n to that level, at which cowl* could renew their 
i sis tipper edge* On some puts erf the c#i»f 4 ititl 
ins there ire little hillock* of comhrock, which arc 
list rewnant* of it continuous reef* or of low iifeti 
n it 1 observed two weft hillock* between 
Bay and the Great Illicit .River ; they were nearly 
gh, about aoo yards from the prisent beach* and 
feet above it* level They rose tbfitplf from t 

I ihkit Pmm$ % far m ##4 pit! I §tf* tf% 





jowm/I t # *isf f i 1 * n . * < ! ' < * - 1 - *t f m ^ Tiny . 

run'; ! |ji* 'll ; s , '« ! 1 > 4*, * 4iil*4i«t f , 

iiiicl in their tij^vr of /omf bWWn *4 several specks ?.;V 
of A •!,* . ,i j ! "4 m \; i, ' '» •4 .■ m / !< i * • ' »y Wf 

rli.ai m!*,» >fo m ^ , 4 , W ' ‘ ! 4 '> ,jf ' i*illoi;k 

at an 4it; i H o 1 m *. - ■ -4 ; 1 i , 1 ^ p*«i that ;4 : 

tW % ?|i mW> u ; 4 * ' W* ' f - < » 4 * 4 . * ’* 4 * fmtkgd 

together willi *4 *• ? l ''iti4 , i * 4 ^ Ui , 4 ’ m m * 41/ been 

much in*H#* n$'rfhv I by !*<♦'< >vh , p m ’>4 a, tkta 

those of Mauritius. ww* 

Many himfh 1 i * ha , J liv j. * f, o aO ! mi hi f»i llios# 
of W^i? mt : W/ -ii / m tf ^ * hm* ' >< ' v>,:n my 
suddenly ttir o 1 1 .m * * • yt * . , / C *i hfn»f#4 

etJrmdou ‘ m* * vid mi i * 4 i i ' '* * * » w * hum km 


of the \nhhi%fmt Wo * ; 4 ,i im 1 i WWh * m Mm 
*;een, docs nett iiiit in O ff h of |4 1 w m *hw* Tie 
fnii|pii||oe*fi a $ ufo ^>?h u ’ im r<* t!iii 

from s° to too yard* m width ; how * wr a o wh ^nonth, 
hard Mirhu*, watnhy nmmvmrd m 4 w w.fSer, unit without 
inf iriteri*#r ilnuut 4 14m that * *m •» hr w fringing* 

W'f% wh : r4i Ik fiiaoHOifi? ilwoour o m tlw twoh Tte 

frtgiiifiiti torn ii|* dm 41 /, &tk » tom ^ t»ir|it ' 

iff thrown rmr tlio r*^ f on ihr 4 oi^v -4 tfw 4 % mni I »if 

give n% W»*W't» f wlrw* h o*r? »* If 

Cook m bring 3 Iniiiftl yards wide; ami Miitil! 


»» iti‘4}i»'i r>Mm» ^ # Mr* (^^mSd$ r / 

J ##4 #/ f^4 h» p 444 lit* ii tnirf r* 

»*!!« la t«ii|lli Wlwrtlt Vmm*. UfA \y<§ uS*4, rs'»c U |4fAiy ,, 

teitit rhort «i lli# of I 41 ^ 4 /1 Hr o,«I | ! 4 if «l i 

»tel «ict&w$ » *|>ir« tef 1 . 1 ^ 11 ^ # ^ Hi ft *m<f IwiW# 

ini tilt$#f 0 if»h 0 tit #gr tfi i%t h » 

E <t t»*tt«|ilft| > p lit tlt|#|f» wi mhl u?ot ia»#t 

hmn »t »# t*if ifeiim pi#lf^it*t ' ly 
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Eliza! rill 1 1 v.h w i: r w\ iky y rd; in wMs’i: 

the fjc i i iK’iitl tin ■* Lkrcl* i; very d 

it vt. H dke !nrn**r w< ! «, b'**h wr * nd in 1 md ; f 
and front tin* , kor ■ of n*nli*‘ i;* Fo ’he < h c, rof <o 
eastern coast of \h e*, by Oj» Oiioi, man) w*>f «’* *■ 
frin t 'm#-ro f, f.> we kkl k ,n; thus !or a ♦ \ru «* *4 troth’ 
forty filthy (pm lab *‘ ig # to i ,?**/ a w? f fiitoo 
the shore at an a vs raj;t di 4anw *4 rather mot a than one 
mile, and thejefoie at ,i gienter d i.ton* than i» usual in 
reef* of thh 1 2a »; foil ; , the oon t an ii no* to ty» end w 
tin. bottom dioah vary jirjiKsFiy (the «i ,eb h toy oo'y frmn 
ti'llit to fouriom fathoms A a mib and a In It mil oh* ih»« 
reef), if v exfrn Jon ffm > far front fit?* laud n((vt s no dtW» nSty, 
Tlii*i\l^od tair in of fhb rvf t, deiordwf a , f tm^d of 
|*rojrr|ino p,ent » w v ,k : vli r b fit w 1 1 :i .paee, Inmt ‘in In 
twelve ft%t (b> si wife j» »n ,■ of Isvi:i ^ rot b on it At 
Miikfluiki (hat n i # N.| “dm y irt is foriii**d, 1 4 ii 1 
41 by a Ion * reel exWrdmt* i,i\ »v ad, font ot fiv»* tin/ > 
within wbieh there ini mmow t h,mn» % w.fh Wo to fwbe 
feet of w- ter at low \ttix\y tide ; FI it Si , a*, tin* ib.tiwe of 
a fjnaitf r r/a mile fiinn the .shore Ay tin, in the plan of 
Momlhi; (lat, \* &)» a rent r t v*urJs for thiny-six §mUo, »t 
the dhif'inm of from half a itiih? in one tilth? and a quarter 
from the shore ; within it, tin re k a eliannel navigable 14 for 
canon and and! r raft,” between si a ai«! fifteen fe^t derj*; 
ontnide the reef f lie tb |#tfi ii a*Kmt fntlinin t at the dishinr e 
cif nearly hall' a wilts Ikirt ul tie * im ( ii wry mmeirlnl, 
and hm a uniform breadth of *?no yard’s 

The roa r 4 of brad! is in unwy jsirfs frineed liy reefs* Cl C 

1 Matiti h fksrfihol l*y I/^ril bye f « \ * fk« #4 R?md* n 

w! Eli/ai#fttt hhul by ( aju, llorkry* 

4 f>werfi #i« f w#l I }>, ms fe#»i wJA-t# w^ik ilir forgoing ?#etf 

art Hkmh% tekm* 





aw * j 1 ws ' ; i j am ', *!m?e 

iimir thh;\i and in !* at * f I 4 4 vv^’V .«; hr i I w w !e§ 

Miiitli of thi* i.-n-r * ; ‘r !,’)•» i ' * r< «' 5 i eh h; vv*,ry 

turn of tV ' In ?«*, n e I* *, roiH 4 1 r . : * » 1 * a d. it 

nm% ai fh* *1 * t ta • a i t a. + > * * f 4 ’*d * f *at the* 

! iinS| and whin it Ut 1 n v 4 hr 4 i 1 a t * rf>^ o fW ? t I 

wan amoral hy ;m i?v ’V tit va •' *)i v. r P ro, I and 

Mar.cio, the out*» gar! of llt* % r> ,*f cap > * > nf hvw * mm\ 

am! the miw *4 a v!h j iP 4 v% i 5 ! h hrj *< <p w’v 

fommumV.ilin^ with the , n, Tw* h <v< a u* f * * «**» off 

the corn! of ftrah! Pa, *h yj,uh dy *4 amt p am! 40 
fithwrt, at fh* ffr^rir^ nf li w mt tv? > .v* ! v 1 h v 1 *n 

from l!v & hod. 

from the fk > rip ion ?; «vv p\ o. t / * wv * r ivr;h.v! that 
the iYmmirmm and ’tromw *4 0 v*v * p * * rkjwtci 
entirely t«i tli«m?OM^'r or hr, iwkrvkp m t* abw.mtit 
slope, conjoin?;*! with fk* fat, tV*t rmhhui! Ipv f*f%|iifcri 
can exUt only at linvtmt thp*h> r I? tp m t!if% 

that where the nea k vmy ^kvk *\ ;a w tk* fVrvm Citilf 
and in parl*i of the Ha 4 lndj,,ri A f * U'p 1 ' ♦ % 4 lm «* Snit 
their fritiging rlifira^l't* awl af^rnr a*’ v- f a a#-* litp! ?rw|in 
larly ictttiwl fiatdie^ oftm H ,ipi, I ; ro«i 

the more vigorotn growth *4’ cr* Pk ^ntpcSe t and 

from the ccnirliiinm frio^ Ivtt H*vowiU< w # a*vrn! rv^jmti 
within^ stioh tmk me generally lo/^K.r vw! unro imkft in 
their marginal than m tlrii * moral jam: l*/on^ tlr« rerf« 
sometimes mmmn (and tha t nnut-im** oii/lit not to he 
overl(Kiked) the !i|isitafifi« #* of 4 it f #lk; l?i«t t!r y tWfrt km 
a tolls in their central ttpmm* Imm mwh Pn ilmt|% in 
ihttr form hc*fng hm 4n(mm% mi4 in In,ml on 1 

shallow foundation* lt«t when in a ilei*fi wt tml% Mn§% 

1 fct 3%tm Aha dm ikfJi, m*l mxnmpnnfmg hfim* 

pi^htel mmok* 
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banks of sediment, which have accumulated beneath the 
surface, round eitlirr islands cir submerged rucks, they arc 
distinguished with difficulty cm the one hand from encircling 
barrier-reefs, and on the either from atolls. In the West 
Indies there are reefs, which I should probably lave 
arranged tinder both these das ey had not the existence 
of large and level banks, lying a little liericath the surface, 
ready to serve as the basis for the attachment of coral, Iteett 
occasionally brought into view by the entire or partial 
absence of reefs on them,—and had not the formation of 
such banks, through flic accumulation of sediment now fit 
progress, been Mihkkmify evident* Fringing reefs fiome- 
times coat, ami thus protect the foundations of islands, 
which have been worn down by the surf to the level of the 
sea. According to Khrmberg, this has been extensively 
the case with the idatub in the Red Hea, which formerly 
ranged parallel to the chores of the mainland, with deep 
water within them; hem e the reefs now coating their ktuei 
are situated relatively to the land bke barrier reef*, although 
not belonging to that chew ; hut line are, as l believe, in 
the Red Sea some true barrier reef*. The reds of fins sea 
and of the West Indies will be described in the Appendix 
In some eases, frmgmgreefs appear to tie coniicterabty 
modified in outline by the course of the prevailing currents. 
Dr. J, Allan informs me that mi the cast coast of Madagascar 
almost every headland and low point of wt«l has a coral- 
reef extending from it in a S VV. and N.K, line, parallel to 
the currents on that shore. I should think the influence of 
the currents chiefly consisted in causing m% extension, in a 
certain direction, of a proper foundation for the attachment 
of the coral Round many imertropical Mancie for itMaitee 
the Abrollicw chi the coast of Brazil surveyed by CJajti, 
Ftaoy, and, as I atn informed by Mo Cuming, round the 

§p 
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11illiji|ilnf% tin* Iwttam «4 f1i«* '-r a i< riifirrSv rarttrcl Uf 
irregular fit.tvay t 4 r *r;4, nL * h .tlih- e/h »4tf n ui m$z mm $ 
tin not mtslt the nml<a ** a;4 f^ini j^ojurr irrfi Tfij$ 
itiiitil \m owing, nilrr to ?ir ufh> mi! *:r-*w!h, or la cfit 
aWnre erf tftft’jt* lord. i4 ror;*U w* 4 h *4't nhh t*»t4 flit 
break in;* nt ftti* W4vr ►, 

The three di v“» f .»!<*]! im*\ itmgmjp 

irefi, together with the fttwibbv^ <m pul «!■.«'.< r<t*?d of 
the Lifter, tnrlmSc .ill the me *t remarkshk* coral 
anywhere «+fci*!iuft. At the * omnmw'euw'ti! til the tail 
d«|ik*r in the volant *% wJm** I tifryl! th* pnm\p\m m 
which the fitafi (flit* 4 V. j n roke;**4 tin* w^fbffli 
mm$ will ha rnimmatal 








CUWM'U IV , 

cm ini t.i* .v ; ;[ f i . o i * 

In this du|i!t i 1 ,* •, - - t .j t- ^ i 1 >< f • . • 

coJlfotril, rrlanir: to fh- ; ' - - i f ? . . , < 

the rjmthtuim tE%,? t t^u,, ^ u, $!.,* >,■:• 

of their ^iowth, „vtd o. ■ V *!'}d* „t *fc- r « 
formed. 

Tittle iiiilijt'fH lavr* un m;fr4Uj»i iy,% ikr * , 

of the origin of ihr tl/s- r'se,r ( f f* T4 ‘ , r *>/ 


KEOio?i l*'ii!Ef, 

0 * th$ diitnfuft'n > *v>i? *r i : t ** f * . t , 4 , p , 

fkpi« ftt, f ■/,*„</. 

With regard to the limn* ,.f latitude. «« m .* f . 

reefs extend, I ,* ;» j.j,; , j _,. ; ^ 

Islands, in ,p' t,' X, n th- }• , • f ;!i,- > t ,,, , r ,j , 

the equator, hi *!irb <Vr , t; .. ., . , , *. ^ , 4 , ,' 

!>eet» suggested that t|,» it ri»r. ,., !t f ' ( 

this instance is *u t! s <- a , , ,> r . •< ,, 

In the Pacific, the I«... « „ j , „ ,,, % ’ 

reefs on their >hm,,, v , ,,, ; '., . 

situated N.W, of the Kamlwn h A.,n {> f'r i 
Sea there art* <r*al r- h m i>t f ti ,i „ t ,, , , U<1 

sphere coral nrf, do not r„ r ..<,| w r ,„ , t ,, , f ,, , , <J( , , 
sea. In the Southern Par*,, ,j, w w „ w % u% ’* 


rrMM/ 



$4 


beyond the line otf the tropics lint I (nut mi its Ahrolhos 
mi flic western shores <4 AuMraha tu lat. 3 if «S,, sire of 

coral formation. 

Tin* proximity of volcanic land, owing * fl the lime 
generally evolved from it, la-* l«mi th^i/ht to be favourable 
to the increase of coral incfn There t% however* not much 
foundation for this view; for nowhere art coral-reef* wort 
extensive than tin the slicing of Krw Caledonia, and of 
xtorih-mtern Australia, which consist of primary fortnationi; 
and in the hugest groups of atolls namely the Maldiva, 
Chagns, Marshall, Gilbert, and Low Arrinp'vt'p'r*, there 
si no volcanic or oilier kind of rork, * 'Mfjdmg that tofimd 
of c oral 

The entire absence of coral reef# in certain large areal 
within the tropical seas k a remarkable fact Him no 

coral-reefs were observed, during the surveying voyage* of 
the Mmgk and her Tender on the wrat rt r4 of South 
America «outh of the equator, or round the Cbilapagot 
Island** It appear *, ntv% that there ire iiwtie 1 north of the 
equator; Mr* Lloyd, who surveyed the Isthmus of Panama, 
remarked to me, that although lie bad seen corals living to ■ 
the Bay of Panama, fit lit had fitter olnterved itiy rttfe • 
formed by them. 1 it l»i attributed thto alwtw o of reef* 
on the emits of Peru and of the t#alapag®§ Islands* to tht 

1 1 have tern lifaiifit that lilt I# lit ease. If IJrao Kyder, 11*14* 

and others wltebave tf#4 ample Pit **Wn mhw, 

• The mmn Urmperatave #1 lit vn U*m mwfa 

tf tic direction tiff Cap!. Piiftwf m ife* *toir#st ml th# ftotopagu* 
Islands, between il» till rrf Hcfticmlwr »ti4 fit sod* r4 October 
lij$ f was (M* Filifi Tit tomst tempmtiire otwmcd w«* $i l jf it 
Hfe& south’W«»i tfftl «tf Alliftftitl# ; and m lit# went of tbk 

lda«4 it was utter*! times #a 4 tutl g$\ 1 ft# mcatt «f the 

tea to the Low Archipelago «f multi-, §ft4 n#ii Tahiti* hmt simitar 
efaimnrajtoiit mmk m \m*4 the th*$fr, wa% tolthvsgh farther fniit tiw 
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coldness of the currents from the smith, liul the Gulf of 
Panama is one of the hottest pelagic districts in the world 1 
In the central parts of the Pacific there are islands entirely 
free from reefs; in some few of these (‘uses I have thought 
that this was owing to recent volcanic a< tiem ; but the 
existence of reefs round the greater part of Hawaii, one of 
the Sandwich Island, show* that remit volcanic action 
does not necessarily prevent their growth. 

In the last chapter I stated that the bottom of the sea 
round some islands k thickly coated with living corals* 
which nevertheless do not form reefs, either from insufficient 
growth, or from the species not being adapted to contend 
with the breaking waves. 

1 have been assured by several people, that there are no 

coral-reefs on the west coast of Africa /’ 1 or round the island* 
in the Gulf of Guinea* This perhaps may I m attributed, 
in part, to the sediment brought down by the many river* 
debouching on that coast, and to the extensive imtd'hanks, 

which line great part of it But the islands of St Helena, 

Ascension, the Cape Verdes, St PntilH and Fernando 
Noronha, are, also, entirely without reefs, although they 
lie far out at sea, are ctimjMiied of the same ancient 
volcanic rocks, and have the same general form, with those 

equator) 77 '5*, die lowest any day Irmg pi'§% *1 w*r ium 

Iiete a difference of 9 * 5 * ill tinun temprrastin*, imp! tH* In mUmnr*!, 
a dillerenus doubting quite mluumi f«# affect thn dhttibtfltuft of 

i«ttig» in the two mira » 

1 UtmtlmhUS l\r mat Kaputt it 0 vnl m, §* |j|, 

3 It inight be concluded,, from a p**j»rr by fSijif, ti&m foV# % o##/vb 

/mm*, ml, IL p. %), that flic ntsf* »tl t 'ape «%t. Aunt* mnl the 
Sherboro 1 lufattih were of coral, aUhonyJt flit mthot fttntVA that they 

art not purely coralline* Hat I have been nettled by U«uf» If*4liiii4 f 

K*N., that tints# reef# are not of coral, m it tmd ifiat they do iml at 
all resemble these in the West Indict, 





hhmh in the I'. ?5*‘ *«* « » * i mrrottutled 

l#y gii|at!liti: mails n\ omi! tut-h VCnk v.** t v^jtlhuj of 
fkfttiiichi, thtft* i, n ? it a %m,;k <?4ai 10 H m the centra! 
cMfiaiwe t"i iV A 4 o»V' w< , . It >, p- *haj» > In' 
suggested that fk «msv »4 * nh.. * * • *? in drift; rent 

pails nt itm ^ o; *v ? . *4 4 ?i • m * : - * I Util 

thii cannot t/ 1 tk* 1 4''% f>4 i \ * a "% 4m % ivi’% Marked 
It i excess precipitate a lki?A Item «f c;sr,Hf u-,% tit a! Ur cm 
flic filial tm:k%i ami nt *4, J,t«n*» pi tir tApr Vuilet, 

rat Inmate r#f lime r»m mdy m* ulmmhm *ri tk* Imt 

it forms tin? f hrf |m 4 m * ai, /• i<j<u“ * <! , •* ? o tu »ty strata* 
The Sftpttntily r.jjo- As* 4 \ fi a * i , u\ coral* 

fcctfii Clftimt '*splitm/d i f y *mv <4 * fAsvs.is 

lltlt HI til" %Ms4y i ? ! *< h |?« U, 4 ,M,d 5 4* f kamii l«lf Ilf 

ll.it world ion4 rvriy m;** lit.a im t <u« s« ^aftaWt 

of itifipfirtHtg Stii* A k! ? i# i iy fkat th<n» h a straggle 
for each station, Itvtwvirn tb« 4 c-* nt < * Jm of intony * 
we may rrimrfmk flwt m tWm |#oit> »4 tlr intern «»pit si tm, 
In which there ate tin ♦ orahr* thm* me other organic 
bodfeft stippljifig the flare nf the rM hn'Vmrg pilypifem 
It lias been iliown to the tliapnt mi Katull that 
there are mim Hjimlrs of Ut&r. fiJ% .-tel ih** wl.ole toW trf 
licilotlmri® whti h pmtf m flit* fmtfktrr \mv% *4 the eiirsls, 
On the other h,i?t*h the in theh torn niimt pref 

<iit iiiiiii? oilier m' h *u& fh^ilrnrire of 1 irfi finii 

any came wmihl ottos: a ile^fafahm tif the 

living coral The relation ^ flier dote, wfm li ilrtitfiiiiit th# 
fetnaibn of rtefi» on any %tnm% hf the tig«iifiii% growth of 
fit efficient limit of coral, limit tie fwy t omj4*% *nl will 
: 'iOr imperfect knowledge r|mte mt*n|4ieahb* hrottt thciO 
c»nii4emtbn% we may into that change in the eoniiti^t 
of the ten, not ohvbei to oer %mrm t might dcitroy til the 
wrtkorf* in one iiea, and ««sc them to »|j|if§# to 
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nnoilur: thus ti..- Ihu ifn '» !’ 

as bnnvn of mud red 

our being abb' to «is y 
change. 

It kiv l**cn a »;*iv 4ion *V. 

of a reel nm-t thl- !>»!»,*• * »'i »•* ' '•<•'' 1 

great inmjrd* id h*# v H < o 

Keeling atoll nt * <*i rv u > * 

the reef, wid h n 1 H 1 v .» ■ 

hieaker:*; and Ih'mi * • * ' f tr * 

At the Maraud! Hand , ihv he -n mn u ^ f ' ' 

5 |irdi*s id A4n % n } «nn d < ' v H Hu I f M o <■ 
form forks iium -diy 'rvod, dd *w * ' * ' o H f d 

accord inn to Hunt? ad ttr nr * %- #Ki t r ^ I ' 4 ' 

Static! tint tie' ovfrf tints ji; of fh* bdri . * *<* 
of living corah * tf w ? 4 ihds, if »*'*, st* '** 4 r M 
spedra mailt tho e a! K* dr ;• add , o ,Vf' 4v* -on • •. * 
tretr.mlotn, that **ir !.-< " ’dyH v '> »* t 1 ' * rh 

sing e Itdtvr ut tie* wi* h ah <*mI 4y "<« r f o-H, ./ i o 
board ifina fddjmy *' t# n ? ^ rrt ^ r ' 

Ehfeiiln ?H r uu«rky t« e ?n iH EH ^4 thr -h ,, ! 

corah live un it v * tnf^f f , *i?;4 ^ 4 ro 1 , 

he arkk tbai f b f fi*i l^*<f d«4 ^ 1 -o> 

within, but ll a! rirn t! *•'. ^ 4t '.’41 i« a r # . 

hi roliHt %to,dl 0 ,\ho?V ot « r !o*« r ? ' 4 ^ •*« if !rt, 4 

etiff ndgbt he .**14 h It d ( 1 • 4 f, 11 ’*'0 ^ f/ ,i *'4 


i Jf./tfr' 1 ♦/ I a * d ,; 1^>' s ‘ a * t f i ’ *■ 

s f | friiti i|% i vs#Ai’^'f "< < f /1 - / ^Vi» n „» i «*<? h *‘*‘1' * ^ 

rrtfo'tt Afttrti 1 * 4 Si 

^ In Sir Wr>a h, f f # # | * 11 is I * ^ ^ C ft ! «■ , } *0 , 

It I* ll/ # 1 * ftrWTfft d: t| f | l|'« ’f • l( » f H > f%% t t ’ #? *,**11, pi , -» t 

thut tf.r 4 t*\ ,!fs |yf*J ft I t ® * i n 






by MM, Quay and Ibum-ntl, wbvth* r uny k?nd of rar.il ran 
evi.m withstand, mm it !^m il> nr Ji m, lb-* bunker.. nf mi 
open sea: 1 they aim in that ilr* smm*Lsti» Hth*'gbyte* 
flourish only where ih** wti-.r i * fmcgol, ;anl the brat 
Intense, This :4utom? n\ h.r* pt <*-4 ii-io <♦»»» |Wosrat 
work to another; irv* i?!c b ■>, tbr j.s * < * nj the whole 
red undoubtedly h dm* la tbo c Un4 - oi * '«r.d, which r ,i?tnot 
exist in the * inmtbm > Unriglii by th<*M? lannuSm. It# be 
most favourable f« them. hot .build the uno r aid !iv»«g 
margin perhh, of any ow? of the many low r-rf.d bl»td% 
round which a lin** of great breabu. in anfly foaming, 
the whole, it U cranvly pm 4hb t<» doubt, w*odd b* # washed 
away and deployed, in 1cm than half a o o* .iy, lint the 
iilal entrgir# of lb* corah* tmepjrr the mo Snob .4 power 
of the wave?* i and the Urge fr.»gm"j4'* of t"**t torn uji by 
every storm, are replaced by the *Jow lint ' mady growth of 
the innumerable jKdypifm, which form tie- bving mm on 
its outer edge* 

front these facts, it is certain, tli it tin* hitmiy* t and moat 
massive corals flourish, where most expovil The Sw jarr 
feet state of the red of most atdls m the Ireward ami lest 
exposed side, compared will* in state ?« windward; and 
the analogous mm of the greater number of bruMefie* on 
the near aides of tho*.u atolh in the Muhbva Ah hipHago, 
which afford some protection to rmJt other, arc obviously 
explained by this dtruuntanec, If the ^w%\mn h.*d trei§ t 
under what conditions the greater number of sjicde# nf 
coral, not regarding their bulk and *tr<m#th, wrrn rkvdojwd, 
I should answer, — probably in the wimunm flisrrilieil by 
MM* Quoy and Guimard, where the water »* tranquil and 

1 Attmks dm Setmm Ma$#mik i, torn* t L gp* ay 6, jy#,* * #i U i4 
k* mtim mnt #gif4e% ki Lyt«piyf4% m \mmtt t#it«Illft # |mi« 
tpfalta itari fiigilti 4ttllc«*/* tie* 
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the beat hum ^ 1 < 1 ^ ■ * , * 

the circumiropi/.*] , s m : t ',• *, , • < t . 

Sea alone* no l\mh .a > , ; * , ) ■ 

observed 

The fattir ;nt!wr ki.. .%n^f? „t ■ > ? 
from a steep ^ivue , 

i although wav*.* hi<*«d * v * , 

also stall that whnr p /( « , Ut * 

to lie liable to l»c mnvrd f,y g * y,. (W . - - ,.. ■ . 

coral; and a c> o,% ; *, , , 

on a sandy shore t: \< d tu »Y* *, » f i , ,, 

experiment, ieov v*-r, j i , * < ,* v i fl , ,. . * 

some larg** nm t ? nj lYnnf # ?#t 4 ^ , t 

after having lie**n m $ v^t f f y > * %>% * i ti , s , ^ ^ 

loose whtmni should 1^ J * *, * < 1 

a PP*«M, at first dg h?, j . ^ Y * - , : < " * ' ') 

mg off Keelmg atoll* a.vj , *\ ,/ V" * ' 

Mauritius ifm »trm ?,*? mf *v 

whea* the mnl <m r *r * » / 

stance 1m f*ol„«h}y r,e e u ,* , A , „ /’ ’ 

according it# Yijy o**< ' ,. r , ,■ , ‘ , ' 

toiti of the Mi !4u ej , . ,* lf% * # .* !* * / \ 

and therefore that p u,*,., ^ f /*’" ® ’* 

fy grow up 1 *. „, ^ s ///T/:: ' "' ' 

tetrad i, y „ (t , a , t</ iU ;' , * 

krtouw eleir; a.,! ,\ l|v ?! ,„ it , , (< ;, *' ' 1 

Maiy f> in MaiJi,;* (u f) v,, r „ j , . , 

little jiort .it t!,»t j.v, •• j. .' " '''''■ ■ 

would acrumt<h;«< m i „4 .«, , Y.Y,, „ y!.’^ 

I m? 4 *’*' i'*" . -i . , 

w,, p» 40 , * i % 

* C*|4. Owtfr « i, <i, t , 

vwL a |. Wt, ' * 4 * f‘ * s , • , v , 



corals, but not tm tin? hii-mrm and projecting stump;*, and 
therefore in the former «*i *% fm: fresh growth of the coal 
might be thus prevent.*;*!. 

In the lihi chapter I rcmulmd that fnndn&--reefs are 
almost universally bpsithml. mlry^ mrwit a*mr the sea. 1 , 
Most authors Imvc atthhumd tlm f;s«.t to the injurious* 
effects of tin; fresh water, even where si voters tin: sea only 
itt small rpmniiiy, and during a part of the year. No 
doubt brackish water would prevent or irt.-mJ the growth of 
coral ; but I Indie vet that the mud ami sand which i« , 
deposited, even by rivuVto when flooded, h a mud* more ' 
efficient check. The reef on each side of the clunnel ; 
leading into Port Louis at Miwifsfim, ends abruptly in a v 
wall, at the foot of which I sounded and found a tied if ^ 
thick ninth This itnrjiJirsi of the skirl appear* to be § „ 
general character in such breaches: Cook,* speaking of one, .-:' 
at Eaiaiciit nip, 11 Lilt all the rest, it 1% very sleep tin loth - 
tide*,” Now f if it were the frail* water mingling with lift 
•alt which prevented the growth of coral the reef certainly 
would not terminate abruptly, lint as the jif%jiifer« nearest :; 
the impure stream would grow less vigorously than those 
farther off, so would the reef gradually thin away. On the ; 
other band, the sediment brought down from the land 
would only prevent the growth of the coral in the line of ill 
deposition, but would not died It on the side* set that the 

1 UtttL WeSittail jumI ^t!#m to** trtmtkr I itot iUi« n in$ <,$*$ In 
Ur. Mtipftefi im % p 141; mf% till 

ittfte »w p%m di*f«4 tafU»iir 4 |« up* 4^4 1 «t4 ?> to, m\w wbkb 

periodical mm*m enter* tW% 1 pm\mm % m 

must Safer that twftir* il« i#f 4 «tis| «I tli# **o»u fWiwug ifet 
cuastlaml, firJi water sad viJIfiiytif rfttrrrd ihr tr# M llmi fiwiniif 
tttillit coral Ijtflfijg flat prevented gw* kg, pw- kstbettfi 
.■fare prM #«4 

1 Gook’i First Vqm*t* ml* H p. *f 1 #— {Uawkaswo«th f * idin) 
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Ill 

rci-fi it*i h? im r» ?*d 0. * * <>v > ; |! ; ’"•! '•* 

chante h *1 .v ho a* I * an* uv> r o ?' ' h * m ** * ♦• m 
front only tin 1 Ur/* r % d*' \ » m ih * * < of t * ‘ '»* n U*,/ tain* i 
ch'/i They po Ini14y *<n* U*j 4 K< ) o *'» tV '■ m*‘ sn »*’o* r 

a ilwot* into ih* h '* ,o * *, *> i v < 4 * *>\ V* ik* l ff j ’ 5 

thf n« refit as; <1 f h dn*o s f * f ;* * i nl Lr >< »h i' u* 

*1 hrir limits •?*. in Pont o* % **«'} *, h? i **•; n ho ft v*p m * I 
fnun the* land 1 y d**rp w hr U r yam < h.i va I *, wba hit mvh 
he UKHlght WMlld % hVrt \ ?V ilhfvm* Hh* t ♦ b ffk 

of the fre*»h Yi4fif ;»o<| h »5um of, n*f -ive „i ,itu}»h 
explanation wh it **% * *h n * tie or, i * *4 lurorr ie h 
In the* vmi fa!/ * tie‘-inn v\* *y *! o> net %t 4 fim lai? iti 
peculiar /r > fi: yl» / , nni Mtitihf apfmf to 

prevail with «Mih, We 1 /ive ato vly ih erdrd lit*' 41*411 
difference hciwt **n the 4 wiilim the ! t 4 ,*m nl an a*olt 
and tli0*;* # <4i it * unn r lit nnn 1 he re*t,*1'^ ahn, tut the 
margin of Kkeiing IVatn! ^ ^ ♦ tiffI »n «*om ,j thu* llir 
/tw/fi and JMV/#m# *< glow in 11 Itiw <n/r only 

where they are wmhut !?y ;t le avy eni, nt»l are kilhd 
Ity a f4ort etpo'airo \o tli» + m \ ivlit ie.it* tStne %prnm ui 
Htillipfira aho livt^ nmtd’4 the fust are aliti* to 

iiurvivo finewrfnl fur u part of noli tide; at itreatrf 
depth#, a f*trrin« iMadrepora and #r«f sr« the 

eotiiiiKirieiifc IiimL ; the former a|i|#*3fing t« t#f* toniiird to 

tfii% pari 1 hemMfh thr nmt*< of iii/mift roml% tiiluutc 

encrusting roraShrna and rahrr orgsmic finrlici fivi\ If wtt 
compare the external nisimit of the r**ef il Kndtng atoil 

with that on the kmm m\ iik* nf Maitilltii, which are very 
difiereiitly cio nmidanced, we shal! find a cor 1 rending 
difference in the appearanc** of the coral i» At the latter 
place, the gems# Madreporit k jfiefioiitlcfant mm every 
oilier kind, and tieneath the mm of ina$#iee coral# there 
are large beds of Seriatojiora* llitw Is alto a marked 







fjs f 

cliiit filter, at to fOit m ¥ n i* O,* l r # tii^ 

great hsmt hang * maN m tim J* » s k * 4 !><* . 4 on t!t* ? 
nx!% of ih** ^l;il«la j i' ii ], 4 . 

TImmc far:t, f hi r If in $b in h* < »/ * * p *i noun, 

bear* |#erha|H f uni vsy rmo«m ,,, * n ;i t n ; 4 m* ? mum* 

stance whirl* Im f ■» n f mm* 4 * * r - ( f 4 ? , M< mby 

namely* that with %ay h w * > y *< j > n<r</ *■* tl 4 uii 

knolls within the J.t /?-»% > *4 IV/, Ihif f 1 * >'vn i 
and the (3rt*at Cfin## c.ri ■ a*» t 4 m flm Okem, 

group), me to the '-a! 1 # ** *4 th * w iU i * v4,« ?. ** at! tier#* * 

with equally lew (’Mr; inir, wabut r % anil I ^rmnX 
atolls In the ratim mO nkr&i e: v. ah u ib* 1 rgo 

southern Maldtva atoK ,, mv h n «* ' *.fk< *\ l umO* fane 

statements, after h x\xn * * snaifn 4 i* r * m 0 '> O <a» It ^t«Ih 

In the lagoon «#f IVn, f IkO wO»h i> nnrfy twenty 
miles aero**, tin re b only n* e * ^ i - ! vim It tr <•% In It* 

surface ; in iHrgn Cfurmthm am* -.nfii, Saat <*vrf4l of 
time lie dme to the of th * 4iel ueui 

scarcely have fren ire fuwn!: ; si tin* (beat rOnjon hank 
there is nnt on* f » On the mhm bard, in ttm hue^sn t.f 
some of the great Pintle tit Mai ii%4 ,4 iih f f iI4wngti thhkly 
studded with ret mry $*m miih*#«t r^cjiiinn rem to the 
surface j and on mt mmn*i tfrre air k\% ihm two ,nh* 
merged reefs in each atoll ^ in the iiMtfiriit ;iii«l* # I'ow'ff, 
the submerged lagootrrerfi are not ’*« ni?c The 

submerged reefs in the Cbagos i nnafSy have from 
one to seven fathom water mi thtm^ !#nt Imr, Itum 
seven to ten. Most of them arc sm ill, % ah iriy *4*^p viHts # f 

1 Cspt* Mwedf the Mwilfififi Md4tm &%n]U f * V#,;*/!/4, /♦‘ifFlf # 

voi * % p. 401 * 

^ Some nf there Matetiwm *«« ft^t ft* ins* mtWtlf 

hy Capt. Itatiljy, hit »r# taken ll»& Mh« »sc#«^i shk 1*4 
t0| Ike Ctisgvi gf«tfi* 

/ 






f/rtffjf b/7 


at IVf* 1 l' r ' ' 

thirty Uih ■ *• 
lank ;d >« * •' % ’ 

MorrJ/y if,>' : t ,s ‘ 

ihrtfi? fort fo ’ 

have ml fo < <** 5 * 

lnnuim nM** < n*’ * 1 

attempt In ** 

a% llw t»# rt ^ 1 4 * 1 '' 

hgum u f Dm rt* i* y »< • ’ * f ’ 

wirrouwh*! 11 ** * r ' 5 ^ s 5 

brgtr f W4li I'rtii/ * ,v : • ' ' * v 

qieit sea* <h* fo * *?V f * ■ ^ * 1 ** ' * 

or nearly «dl thr < n,*' " n * * # ' ’ * 

are small, Mh'f% bn n * * ' rt " : 

well end*/* *4* m 4 'rtfo- ^ i r> 

Cajrt. \hb t**n' * r * f 51 ,f '* 

chart rif firf«j Inin ta r? * *>* * , * '♦ ' * # 

and apjiairi?!l| m* »<♦ '*»*" * ' ' ; 1 

fliiring lt«% btffrml f /?’ ho * 1 ''' ,f * *’* - n t , r 

in the ifofifls mi -fa* *' \ *# * r f n, *' b 

k il m known flai %U* rv * J e y a * n * * '**** 11 ■* 

imfern rt$«« t rt tmn la,<** « * ' # ‘ ' 

iiarroweb nor 4fa^t#4 ^ 4i*> s ^ %*A * rt ^ . < * > 

niineroiii m%4 ^mAU a* y ^ / * *.< « •' ** t- < 
change tariff f/rtr Wn yn» ,*'*♦* rt *' •"* ** * * 

whole tw‘l Prtfiii ilif i t * n - y -m * n 

vettnl iitfti bnd’- ni|/‘>f/, >*-“4 » - I - ? ^ ^ >* 

of wicli lif|#» tt«n %u 4 i f y * f n , h" <*/./! f/t 

ibte f^Ctl llinfn iu&U hMil M uJa r *»-Xc .... .l^„h,, : ,4 4 ...c„ ; ..t 

nniiiwl €mmmmm*\ - wr ln»^ iv,r u«i ,> /# .a> f 

that Diego Ufiirni I#a% &*, \*% ^ #** f ^ 

a very long {*wwii# Willi tli?n u^r #^,^#^441'^ 
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that no mmUr r Han ,;<* h r- 'A'-n $! m dming eighty 
yearn in the «*udfc«»‘h, n*'} > 1 ii v* u r^ny 

single retd niti i#ar L '4 U ^ o •* 14 *>* i ^ whch 
do not pr< >'*iiS th^ '.um’c *! 4 , . * F- n ' f/j,j,.f 

than l)ii*f^> (lair'a an 1 IN i- - I s s ^ aa4 v*UuU ,*re 
placed und r Ian om* r\P \ * * , • ' *n a f h urn* 

is led to conclude Ilia! I i ■* * a, ?/ 4* tm » .dthnugh 

covered with Invariant cuk«*, * >**< un t-iA^ry \n ^tu v 
upwards, and th.d tin y w> >U’d n an an ,#! IF t ja« ’^iit 
for an alum t imhiimt * }»m* » f 
From the number of ?b' * he* ' free ib**‘.r p* h'»m, 
size, and form,- tinny «/? tlniii V • «miy «' tit two 
hundred jutci* v tu % v ,, $ ,i t n * I »* u my a? <i pi **• 
cipitous ?*t<U% - - it i* m4i puSaSih* that tin y ? iv<* Writ 
formed by the growth ol md tb*. htd*s* § |Ik nue 

much more rum? Infer* In JVin/j Ilanln * m4 in flit 

Great Cbagos Hank, %mm: of fbr ,*!»««" 1 r /-wmiur inan^t 
are 200 feet high, aiicl th* tr vniiiu 1 * he omy from two 
to eight fathom:* hem *ofi tU mu I a c ; tb^trfoir, it nnii 
proportional amount iwiftf of ft^itk wadd tail*r them to 
attain the surface, like those mnormm krmlh, windi ri*e 
from an equally gioit flrpfti wiihm fV M delta a!ol»^ 
We can hardly suppose that tone ha* Wi§ i«?ftiitj lor 
the upward growth of the coral, wSmH hi th«grt (lireia, 
the broad annular strip nt land, fanned by flir 1 mtlfmwd 
accumulation of thdrtuts, i4mws haw Jong tins Stoll Id * 
remained at its prwuf level Wr mmi Wil to mim 
other cause than the tale of growth; m4 I ^ 11 4|?m it will 
be found in the reefs being formed of different kimtm of 
corals, adapted to live it different depths* 

Tim Great Cliagos Iknk k mimusl in the centre of fit 
Chagos group, and the Fill and S|»ktr Ilaiiis it its two 
extreme points* Tliete latikn rc^«?mt4e afnll*, t*<rpt lit. 


their mtettnl t < 

and in hnnt t‘> > ♦ 

coni on it: 4 i* ' / 1 ' 

IVro? lUrm*> , , ’ ' . * * 

M Will Il-Ci e:*4?l I ' ' v 

whole giotip M w> • ^ ■ ’' ' 

fathom*; awl f’ui t.' ' < * r ' ' 

thowatnl?* w"< h * " 

alive, and «/*• ^ 4 ‘ 1 

perfat* Ii tin* <*' 

dmnm rd tlo* m<>w - ? 

corah wIm ii , 41 ! ' r »w * . > * • 

than at tiie uthi o ** ' , * - , * -« 

mity'mimi* tht i< 4 ^ n ♦ - < t >> o * ? * 

no tankery in 4 • <* t : 

ohwrve, that if tli^ m$h\ - 

edge§1 Krtling at-"/l * , i ? ; 

those of i!k *<,7* #> , ,i. - t , i i 

become «lj#p.«! to . /4?44 / * * * V **>?, i 

to fie ftdAptct). If - *vv >. *, '* ’* 

«ttbniergeiS Lfti4f% Asi*v>*iir y >*, r * , ,, , * 

kifiiti with tirt** of 1 I 4 i »r* g,, . s ,'r s tf > h 

receive* ¥ftm »';j \¥ ti if o, a * « * < * , * y 

iitniely, that ffry Imn & ** jr ' > (4 , , *«, * 

the reef* m tfc* m*' * «' /, ^ ^ > * t „ 

tm In she i jyf*nr, If n i* * ju <' ^ , > f /( 

that of the %r^u\^w i cf ' , ,,* , * 

entered at ,, % , fl>i , , 

unable to throw mn* h 4 h ?, ,i t * * , * f,# , « v ,, 

tede«| to i§j>^nj r i <# i t , ^ ; v r f | f „ , 

to *11 %m ih'i***: %* i 4® 44 f ^ \ , „ , 

tl#» f«»iii| flit ||0| t,f #0 ^ , i ,4 ihmm m *> 4 

within 1 4o \h*>w* m > m 1 **» n^f t? o m 
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The inference, therefore, that mn reef cmild not grew 

In flu* surface wiiIhii a p%€.n tariff ! ■;*•»• au-^ another, 

known in In* e»iv<*t**d ifilli l!i«* satin? '•-■firdr 5 * of corah, 
ittit known In In? |4.irrd under runt\%\ ,,.m% r sadly the 
to iinl within I lie iiiriw Iinir fraUietl tin* surface 
unsound. 

Spctim Si com 

Oh tht mfi #/ fffiuth »j 

The remark wade a! the rk§%c of the last meet; 
naturally lead* t« Urn division #4 «ur subject, wli 
lias nut, I sUno 1 , hitherto i rt n ** ii - I o 4 u a ri 
point cii view, Klirciilicn * 1 lias §§yto? 4 s that in the I 

Seif tins corals only twit other ror.ks in i layer If 
erne to two feet in thickness or at iuo*t to a fathom an 
half; and lie iMfcfkfw tlii! f m any case, they form, 
their own progrer growth, great stratum & 

stratum, A neatly similar observation hm been made 
MM* Quoy and €Mmm4 f $ with respect to the t!mkness 
mmt upraised ttccti of coral, which they txiitiiticil at Tin 
and sciine cither places Khrcnberg* mm certain Im 
massive corals in the Kr*S S?m, mfiii U Ir omr:im«» to ta* 
such vast antiquity, that they might late been beheld 
Pharaoh; am! m cording to Mr. byelf 4 there iff ctftt 
corals at Bermuda, which a m known by tradition, to hi 
ton living fur To show hot vioaly cfifitol 

pow upwards Captain Ilea hey f * lu% nddm id the case 

1 Kltntntara» m M*-w %% ¥u «i 4 f% 

* JmmiM dn Sitimim AW«, umt* it, j« #X, 

• Eliftiiteif, m §#* 4& 

* Lplfi #/ i*mk$y t UmU li§ t unli 

# Ifeeehty** jftpsg* I# M* «b»p vlii* 
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the Dolphin Reef off Tahiti, which kii remain* «l .it dm 
tmm depth beneath the Miif or, muu ly f ah mt two fmhom * 
and a half, for a period of iixty levcii yem Thro* an* 
reef*? In the Red S* %t, whi* h certainly do not appear* *o 
have increased in ibnrii dim * during the Urn hah umhiry* 
and from the enmpari on of ohl ekitfs with recent nut yey«. 
proljahly not rlurlit;; fie* las? two hundred yean. Then*, 
and other similar fad , haw so nfrotiply iruprewd many 
with the hdbf of the i xsicme nlnww o of the growth ot 
corals, that they have even douhnd the pos .tbtlify of 
Maud* in the grot in cate; having lea n formed by tft^ir 
agency. Others again, who have not been overwhelm* d 
by this difficulty, have admitted that it would require ififtto 
nand% and ten* of thousand i of year*, to form a nt;i?e* # 
even of meomblnaUt thi* lorn s; lint the Mtltpf has not, 
I believe, been vie wo i in the proper light. 

That mavte \ of eorrmh rabSe ilia kite s have hern formed 
by the growth of coral, may be inferred with certainty front 
the following facts: - In the deep 1 gonw* of I Vow Ilitttfto» 
and of the Great Outgo* Hank, them are, m already 
described, mu, ill steep ioded kttolk covered with living 
coral. There ate similar knolD in the southern Maldtva 
atolls mmw of which, as Gaputu Moresby assure* me* mn 
less than a bundled y ml» in diameter, and rtM? to tlti 
surface front a d* pth of between 250,101! 300 ftmb Cun* 
ddering their number, form* ami pndfion, it would lie 
preposterous to soppy ,e tb#i? they are bavul on pinna* le?$ of 
my rock, not of moil formation; or that sediment could 
have been heaped up into such small ami steep isolated 
rones. An no kind of living coral grow4 above llui height 
of a few feet, we are * ompetied to suppose that thrwt Inofli 
have teen formed by the cftemJve growth and death of 
1 Rfmwbcrg, mi p 43. 

Sfi 
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many individuals, first one being broken off or killed by 
mm® accident, am! then another* atiri mw nt\ of ifteciei 
being replaced hy another set with different Imhtu, as the 
reef rote nearer tbit surface, m m other t. lunges *u|tcrvened. 
The space* between the corah* would become filled up with 
fragments and sand, and such matter would probably soon 
lie consolidated, for we learn from I .knit, Nelson,* that at 
Bermuda a process of this kirn! take-* plan! beneath water, 
without the aid of evaluation. In reefs, also, of the 
harrier clam, we may fori sure, m I have shown, that 
triasics of great thickness have been formed by the growth 
of the coral; in the case of Vanikoro, judging only from the 
depth cif the moat Iictweeii the land and the reef, the wall 
of coral-rock must lie at least feet tit vertical thickness. 

It ti unfortunate that the upraised coralnslamU in tlit 
Facile have not been examined by a geologist The cliffs 
of Elizabeth Island, in the Low Archipelago, are eighty feet 
high* and appear, front fkptdii Itm* h< y\ cfe * i»j*tion, to 
consist of i homogeneous corahrock* Front the isolated 
position of this Maud, we may safely infer that it Is m 
upraised atoll, and therefore that it has been formed by 
masses of coral, grown together: Savage Island seems, (mm 
the description of the younger Forster, 1 to have a similar 
structure, and its shores are about forty feet high : some of 
the Cook Minds alio appear 1 to lie similarly competed# 
Capb Belcher, R*N. t in a letter which Capt Beaufort 
showed me at the Admiralty, speaking of Bow atoll, iny% 
11 1 hive succeeded in boring forty-five feet through comb 
sand, whan the auger became Jammed by the falling in of. 
the surrounding m§m}* matter/* On <*m of the Mnldiva 

1 Gmktftut TmmmMm§ % t»i* v, p» 1tj, 

FprsteFs t%ip mmdih§ WmU with Cmk t v«i li* p§*. ii| f f #f* 

8 WilllisA N&mttim of Mihnfomr# p. jo, 
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atolls, Capi. Moresby bored to t% drfiilt of twenty*tx fa% 

when In’s anger aho broke : he Li% had ft?** Lodfirm to give 

me the mailer brought up ; it ii white, and like 

finely triturated rural rork 

In my denrsptiori of Reding atoll, I have given nonte 
facts which show that the ml probably h.r* grown mil* 
wards; and I have murid, ju I within the outer matgm, 
the great mwmi of burden and of Millepnm, with their 
summits lately killed, and their uhh * subsequently thh Iriicd 
by the growth oi the coral • a la)rr, aim, at NuUipora had 
already coated the dead surface* As tin r\tn ii;tl slope of 
the reef m the kiiiw round lie whole of *|ih aloft, and round 
many other atolls the angle of mi Imaiion nn? a result limit 
an adaption between the gmw mg powerful the t mat, and the 
force of the breakers, and ill# *r ar fioti on tlr loonr edit nerd. 
The reef, then fore, couhl Lot br»uv! outwards lidioui 4 
nearly equal addition to every part of the dope, so flat 1 hr 
original mdhmlion might be pH v rved, and fins would 
require a large amount of sediment, ah derived ?rmn tie* 
wear of corah and dn s h t in be add* d m tlir Imwr part 
Moreover, at Keeling ahdl, and probably in many oilirr 
cases, the different kinds of o#r ;th would have to fiinoadi 
on each other; thus the Ntdhjeur raunot imrr.iie onv&mh 
without encroaching on the IMnir** anil e**. 

fhimtUtt as t* uuw faking pin it; nor item* latter wiitif*ni 
cm row liing on the .-tinngiy Imuu Ird MadrepoM, tlr 
/mi tihimnh, ami one* A\*w%< 1 nm the ^ again wntmu? 
a foundation Mug tunned for firm within the irqurafr 
depdh by tlir mmimUihm of srifiiiimm How dow, thm, 
iittiit lie the ordinary hiieral or outward gmwth of ttt#|f mrC 
But off Christinas atoll, where the vta b ij«ui h inuie dfMtow 
than m usual, we lave good rra* m% to lit kv«: tle#i } wakn 4 
Period not vny remote, the reef tat «irir*K«j Mitmdmhly 






In width. The land has the extraordinary breadth of three 
miles; it constat* of parallel ridges nf shell* anti broken 
corals, which furnish 11 an incontestable proof,” a* observed 
by Cook, 1 ** that the island has been produced by accession* 
from the sea, and is in a state of increase/* The land is 
fronted by a coral-reef, and from the wanner in which islets 
are known to be formed, we may feel confident that tie reef 
was not three miles wicle, when the first, or most backward 
ridge, was thrown up; and, therefore, we must conclude 
that the reef has grown outward* during the accumulation 
of the successive ridges, Hite then, * wall of corahrock 
of very considerable breadth has been formed by the nut* 
ward growth of the living margin, within a period during 
which ridges of shells and corals, lying tin the bare surface 
have not decayed. There can lie little doubt, from tint 
account given by Cajit Bcechey, that Matilda atoll, in the 
Ijmt Archipelago, has been converted in the space of thirty* 
four years, front being, as de^critiecl by the crew of a 
wrecked whaling vessel, a Si rc?ef of rocks” into i lagoon* 
island, fourteen miles in length, with M one of its sides 
covered nearly the whole way with high tree*/'* The islets, 
also, on Keeling atoll, it has ten shown* have increased 
in length, and since the construction of an old chart, several 
of them have become united into cine long islet; but in this 
case, and in that of Matilda atoll, we have no proof, and 
cm only Infer as probable, that the md, that i% the founds* 
Item of the Islets, has {named m nefl m the blew 
themselves. 

• After these considerations I attach little importance^ as 
-Indicating the ordinary and still less the possible rate of 
:■ miward growth of contWeefs, to the fact that certain fttfc 

4 1 Co*4t # « *$hml I| g x» 

1 ltehty% U th* /kr#b, ehep, mu §t?i4 tlli 
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in the Red Sea have not increased during a long interval 
of time; or to other such cases, as that of Ouluthy atoll in 
the Caroline group, where every islet, described a hundred 
years before by Cantova, was found in the same state by 
Lutkd, 1 —without it could be shown that, in these cases, the 
conditions were favourable to the vigorous and unopposed 
growth of the corals living in the different zones of depth, 
and that a proper basis for the extension of the reef was 
present The former conditions must depend on many 
contingencies, and in the deep oceans where coral forma¬ 
tions most abound, a basis within the requisite depth can 
rarely be present 

Nor do I attach any importance to the fact of certain 
submerged reefs, as those off Tahiti, or those within Diego 
Garcia, not now being nearer the surface than they were 
many years ago, as an indication of the rate under favourable 
circumstances of the upward growth of reefs; after it has 
been shown, that all the reefs have grown to the surface in 
some of the Chagos atolls, but that in neighbouring atolls 
which appear to be of equal antiquity and to be exposed to 
the same external conditions, every reef remains submerged; 
for we are almost driven to attribute this to a difference, not 
in the rate of growth, but in the habits of the corals in the 
two cases. 

In an old-standing reef, the corals, which are so different 
in kind on different parts of it, are probably all adapted to 
the stations they occupy, and hold their places, like other 
organic beings, by a struggle one with another, and with 
external nature; hence we may infer that their growth 

1 F. Lutk^’s Voyage autour du Monde . In the group Elato, how¬ 
ever, it appears that what is now the islet Falipi, is called in Cantova’s 
Chart, the Banc de Falipi. It is not stated whether this has been 
caused by the growth of coral, or by the accumulation of sand.. 
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would generally be slow, except under peculiarly favourable 
circumstances. Almost tire only natural tonditinn, allowing 
a quick upward growth of the whole surface of a reef, 
would be a slow subsidence of the area in which it stood ; - 
if, for instance, Keeling atoll were to subside two or three 
feet, can we doubt that the projecting margin of live coral, 
about half an inch in thickness, which surrounds the dead 
upper surfaces of the mounds of Parites, would in this cate 
form a concentric layer over them, and the reef thus 
increase upwards, instead of, as at present, outwards? 
The Nulliporse arc now encroaching on the Porites and 
Millepora, but in this case might we not confidently expect 
that the latter would, in their turn, encroach on the Nulli* 
porae? After a subsidence of this kind, the sea would gain 
on the islets, and the great fields of dead but upright coral* 
in the lagoon, would be covered by a sheet of clear water; 
and might we not then expect that these reefs would rise to 
the surface, as they anciently did when the lagoon was less 
confined by islets, and as they dl l within a period of ten 
years in the schooner-channel, cut by the inhabitants? In 
one of the Maldiva atolls, a reef, which within a very few 
years existed as an islet bearing cocoa-nut tree*, was found 
by Lieut. Prentice “enJirtly emtrtd with Jive mat and 
Madrepore.” The native! believe that the Wet mm washed 
away by a change in the currents, but if, instead of this, it 
had quietly subsided, surely every part of the island which 
offered a solid foundation, would In a like manner have 
become coated with living coral. 

Through steps such as these, any thickness of rock, 
composed of a singular intermixture of various kind* of 
corals, shells, and calcareous sediment, might be formed} 
but without subsidence, the thickness would necessarily 
be determined by the depth at which the reef-building 
















C0XAt.KJWfi& * ‘ 

polypifers can vxU. If it i»r u ^ *b ^ l! -**' ,s * %i 4 * 1 
suppose a reef of row! Dvmiimm noun 
grow up from a g u*n *D}»th; I 'hm.nl as v Li * V4< 
have no pre< De ti i*h m ** on this point, aiifl * u»q o * 
little concern with if. Wr m in itmtitn iM- } *' * ,v 1 

wide areas, that the tut- 4 Urn ^ .-?» mm mn?, m?m i hi bt my 
up the reefi from vartnut. depth* m ilm n 

more probable, to keep flietn at tie* moOm '% d no*,* jo* 
gressive subsidence.; and tlim i« a one h mute imp ’hail 
standard «t nmipati .on than any * >« m at 

It may, however, lie mkm*d fr*mi fhf Knowing !.*« i <* ibm 
the rate in yean wuler favourable «wmiti r » %> >f ,M 
1 x 5 very far front slow# Iff* Adan, of l*oto », ba- 4 ni 0> 
MS. Thews deposited lit ifi^ Haary of site Mndmim* 
University {extracts from wJmh I owe m kuidiw. 
of Dr. Malcolmwn), the follow inn in* mist of m om t tyi, 
ments, which he tried during hi * travel i it> the i '* » • m* 
1S32 on the cast cnam of M;tf!;t r >e * an " To »«» miUm ttm 
rise and prnyre'i* of fhr 1 ? #r#il foody* > nd t#t dm nntobm f 
species met with at hail r»nn? dan 1 *'*, tw-mty '.pr» *.*« 
of coral were taken oft the urf mat p\mn *4 *q mi *»s 4 
sand-bank //jw frti Jttp tat /»rr r#M/rr. 1>1* pmfem 
weighed ten pounds, and wa* %rpt m m phwr by '>!,**** % 
Similar quantities wen jAm n! in a * lump and %n no 4 4 s tin 
rest Tills* was dote* in flmmifrr In July Mk«w 

ing, each thladnl mav* mm marly Hr5 tmfl# ?V v* * ,»t 
low water, quite tminomd/m* and w.wtd Pvt bmg, Mr*o b 
tug as the pan fit rad, with ibr on 1 * inn nt horn north 1 ♦ 
south. The masses accumulated iti 1 f lamp were Mm4 
equally fttcrranul, Imt ^mr of tie* 'poo in mo Si w*^p4 
ratios, ai to he grown g ovar r»li oflirrThe hr.-. »?f 
Dr. Atlaidi riiagnifucnt lollrction by ‘.Jnpwrrck, rn* 
nately \m%ml% its being known to wlm! gctmia 
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belonged; but from the mmtlwr, r\\u tkm up 4 tm f a lh 
certain that all the more nniHpn uou.i kind* mu .* h»«vt Lmm 
included. Dr. Allan mfurnm nu% in a that lw 

believes it was a Matircpur*!, whith pr-w m **4 
One may be pcimittnl to sm-pctt ih;it the Wet of the 
sea might possibly have b- * n 'an*, wha? tutbumii at the tw<* 
stated periods; never! hcD *, it v* quite %m\ml that llm 
growth of the temp*mini «na. r, during th«* ,<jx or w;v*'n 
months, at the cm! of whh ti ift*f were fotn^l immovably 
fixed 1 and several feet in length, must haw her n very 
great The fact ol the different kind i of c oral, when placed 
in one clump, having incrcaneil in extremely imequd rating 
is very interesting, as it 'horns the manner in wliidi a rcH, 
supporting many species of coral, would probably lit* itffvr trd 
by a change in the external r omlition * favouring one kind 
more than another. The growth at tint ol coral 

in N. and S. lines parallel to the pfcvutlm# nsr rents, 
whether due to the drilling of ■ vilimont m to the simple 
movement of the water, i», abo, a vtny cimitn* 

stance. 

A fact, communicated to me by Lieut. Wdh.tcad, IN., 
in some degree corroborate* the n*mU #4 I hr, Allans eiffcit* 
ments: it is, that lit the l $ &%mn Gulf a slop had her c«#ji{icf 
bottom encrusted in the mine of twenty nioiitlii with 4 
layer of coral, ftm Je#t in darkness, wltkli if requited great 
force to remove, when the ves ml was ifrtrkctl : it m% ml 
ascertained to what order this coral belonged The mm of 
the schooner-channel choked ujt with coral m mt interval of 

1 It Is stated by Mr. 4« U Iftehe p, i|j} f m tit 

aathority of Mr. Lloyd who aarvtytdl the hilttiwi ut ft#nt 

some specimens of Potypifirr*, placed ky film in a «h«U*ir4 pwl of 
Water, were fotuid in the course ut a few day* irmly l#«#4 If the 
sewflow of a stony matter, to the bottom, 
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less than tm , hi lb*: !a. r<m *4 b ^ * : f% ’•'* ] * * * 

be here borne in Mini. Wt* fit. v «-*« • ** ’ * >» 4 ’ l# ' * 
trouble which the* »,'Lib;\m i < m the M* *** < - 

take to root out, a* they r^j*^ ^ 4 f tm* » -nu * n <* * 

their harbours fSuf ibir v,r *.vtn mu IwMb *'* * ' * 

slow * 1 

Front the tails given in this i 1 i#mv 

eluded, first i that cm* a S* wV:«* the .-nr* * ■* M 
certainly been fanned m.hwi i.m | m <**»? e*< < / < •* ^ w * <' 

the growth of cowl ami tin: accumulation *4 jm h o • ;•*, 

and, secondly, that the mmiom r*l ut .n ,444 *, y v,% *,A 

1 Mr. Hlulthtany iiliJ *f Imjmi /. % * i* „ < 1 f a. 

ciewribeti a sjifttfwnrn *4 Ag*fi / t*« **mr> r f , / 4 n ; >* *« *•' s 

iinrnaaili a if»eek<* *4 * $ >t, %»!» v* ^ 4 ? f ' *» * ♦ $t c.,% 1 *. 

years, and yet w r mmj o n* / j *■ 1 4 0 - j ** * ^ J . / 

mme tint flic oy&J»r t»%a g %' *•/» o* r *■ #4 s* * * *• ' . 

otherwise the fact 14k n Mr '* >»> it, *!« < - * * . 

anchor, which Imi brrowc rteurV **>■*mt,' < *so l tf O'« , 

other caw, h&wem, At? to«* k4 f *> , *» *), \ $ *,** ^ 

remained amid4 v ubiridi n n , ^ ^»> »* ^ *%<* T l 1 r 

indior nf tin? //r^4'>, in i^|#n * o» ^ Vrn s ', f 
month at Urn 4 # }m**ip* t ili.r*#!/ 40 | * f 1# , /« 1 

Ttihttkici, tint \%tiit * • »#f tn** 11 % * ^*Ijp 4 , '* « 

titlti irf tWi horny $ fUi t* % h*i* U j t *rn$ im f % I u *, ^ ,, \ * * , * 
length* It lia% Wn 4 ttrfii |,!#4 n> t ^ ^ I'<,! I %; r ^ 
the rate r#f growth of a h> m its* im 1 m *» 1 v /y # * t 1 1^ * r 
of till p*;4U r r / s r/, \ , f f y 4 * , t «* ,» I , 4 . 

wiiw»i!®»€it, tint ^ mm ci »e r *5 ^ <*’■, $)># ■><>*, - 

wlilirt yottiig iiifl nhl, m ^ *%! c th* »>, ■ # f *« <u / - «.#fi ^ 

enlarging w»th its growth I \*w tc.i ^ ^, c/wy 2 * ; s % ^ ^ 

m theoutrr 1 tkt* ml tbch^ ; ’ 4 ^ , u »- *r! '*^ t 

tii therefore tlw fm^hm in H#n ^ %% c: f* w * 

the growth of ct#fil# M# 4 i&g ^ « 

SSooleg.# %#{# «§f /« t^rn'M* h%* '*y^ ^.#,#1, ^ 

atm «at fitt« #i,4fmi 1 iit|*f#t 4#i» 1 # v^ni 4#* 

Mwlrepwcii." 
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of reefs, both outwards or horizontally and upwards or 
vertically, under the peculiar conditions favourable to sucfa 
increase, is not slow, when referred either to the standard 
of the average oscillations of level in the earth's crust, or 
to the more precise but less important one of a cycle of 
years. 


Section Third. 


On the Depths at which Reef-building Polypifers live . 

I have already described in detail, which might have 
appeared trivial, the nature of the bottom of the sea 
immediately surrounding Keeling atoll; and I will now 
describe with almost equal care the soundings off tlie 
fringing-reefs of Mauritius. I have preferred this arrange¬ 
ment, for the sake of grouping together facts of a similar 
nature. I sounded with the wide bell-shaped lead which 
Capt. Fitzroy used at Keeling Island, but my examination 
of the bottom was confined to a few miles of coast (between 
Port Louis and Tomb Bay) on the leeward side of the island. 
The edge of the reef is formed of great shapeless masses of 
branching Madrepores, which chiefly consist of two species, 
—apparently M. corymbosa and pocillifera ,—mingled with a, 
few other kinds of coral. These masses are separated from 
each other by the most irregular gullies and cavities, into 
which the lead sinks many feet. Outside this irregular 
border of Madrepores, the water deepens gradually td 

twenty fathoms, which depth generally is found at tte 
distance of from half to three-quarters of a mile from 
reef. A little further out the depth is thirty fathoms, and 
thence the bank slopes rapidly into the depths of the ocean. 
This inclination is very gentle compared with that outs Id# 
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Keeling and other atolls, but compared with most coasts it 
is steep. The water was so clear outside the reef, that I 
could distinguish every object forming the rugged bottom. 
In this part, and to a depth of eight fathoms, I sounded 
repeatedly, and at each cast pounded the bottom with the 
broad lead, nevertheless the arming invariably came up 
perfectly clean, but deeply indented. From eight to fifteen 
fathoms a little calcareous sand was occasionally brought 
up, but more frequently the arming was simply indented. 
In all this space the two Madrepores above mentioned, and 
two species of Astnea, with rather large 1 stars, seemed the 
commonest kinds ; and it must be noticed that twice at the 
depth of fifteen fathoms, the arming was marked with a 
clean impression of an Astrsea. Besides these lithophytes, 
some fragments of the Millepora alcicornis i which occurs in 
the satne relative position at Keeling Island, were brought 
up; and in the deeper parts there were large beds of a 
Seriatopora, different from S. subulata, but closely allied to 
it. On the beach within the reef, the rolled fragments 
consisted chiefly of the corals just mentioned, and of a 

1 Since the preceding pages were printed off, I have received from 
Mr. Lyell a very interesting pamphlet, entitled Remarks upon Coral 
Formations , etc., by J. Couthouy, Boston, United States, 1842. 
There is a statement (p. 6), on the authority of the Rev. J. Williams, 
corroborating the remarks made by Ehrenberg and Lyell (p. 118 of 
this volume), on the antiquity of certain individual corals in the Red 
Sea and at Bermuda; namely, that at Upolu, one of the Navigator 
Islands, “ particular clumps of coral are known to the fishermen by 
name, derived from either some particular configuration or tradition 
attached to them, and handed down from time immemorial” With 
-respect to the thickness of masses of coral-rock, it clearly appears, 
from the descriptions given by Mr. Couthouy (pp. 34 » 5 ^)» that Man- 
gaia and Aurora Islands are upraised atolls, composed of coral rock: 
the level summit of the former is about 300 feet, and that of Aurora 
Island is 200 feet above the sea-level. 
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massive Porites, like that at Keeling atoll, of a Meandz’ioa, 
Podllopora verrucosa^ and of numerous fragments of iN'ull*' 
pora. From fifteen to twenty fathoms the bottom 
with few exceptions, either formed of sand, or thickly 
covered with Seriatopora : this delicate coral seems to form 
at these depths extensive beds unmingled with any other 
kind. At 20 fathoms, one sounding brought up a frag¬ 
ment of Madrepora apparently M pocillifera % and I beli^ ve 
it is the same species (for I neglected to bring speci¬ 
mens from both stations) which mainly forms the upper 
margin of the reef; if so, it grows in depths varying from 
o to 20 fathoms. Between twenty and thirty-three fattxoms 
I obtained several soundings, and they all showed a ^andy 
bottom, with one exception at 30 fathoms, when the arming 
came up scooped out, as if by the margin of a large 
Caryophyllia. Beyond 33 fathoms I sounded only once ; 
and from 86 fathoms, at the distance of one mile and a 
third from the edge of the reef, the arming brought up 
calcareous sand with a pebble of volcanic rock. The Cir¬ 
cumstance of the arming having invariably come up c^uite 
clean, when sounding within a, certain number of fattxoms 
off the reefs of Mauritius and Keeling atoll (eight fathoms 
in the. former case, and twelve in the latter), and of its 
having always come up (with one exception) smoothed, and 1 
covered with sand, when the depth exceeded 20 fathoms, j 
probably indicates a criterion, by which the limits of th6 
vigorous growth of coral might in all cases be readily 
ascertained. I do not, however, suppose that if a vast 
number of soundings were obtained round these islands, the 
limit above assigned would be found never to vary, t>u.t J 
conceive the facts are sufficient to show, that the exceptions 
would be few. The circumstance of a gradual chango, in 
the two cases, from a field of dean coral to a smooth sandy 
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bottom, is far more important in indicating the depth at 
which the larger kinds of coral flourish than almost any 
number of separate observations on the depth, at which 
certain species have been dredged up. For we can under¬ 
stand the gradation, only as a prolonged struggle against 
unfavourable conditions. If a person were to find the 
soil clothed with turf on the banks of a stream of water, 
but on going to some distance on one side of it, he 
observed the blades of grass growing thinner and thinner, 
with intervening patches of sand, until he entered a 
desert of sand, he would safely conclude, especially if 
changes of the same kind were noticed in other places, that 
the presence of the water was absolutely necessary to the 
formation of a thick hed of turf: so may we conclude, with 
the same feeling of certainty, that thick beds of coral 
are formed only at small depths beneath the surface of the 
sea. 

I have endeavoured to collect every fact, which might 
either invalidate or corroborate this conclusion. Capt. 
Moresby, whose opportunities for observation during his 
survey of the Maldiva and Chagos Archipelagoes have been 
unrivalled, informs me, that the upper part or zone of the 
steep-sided reefs, on the inner and outer coasts of the atolls 
in. both groups, invariably consists of coral, and the lower 
parts of sand. At seven or eight fathoms depth, the 
bottom is formed, as could be seen through the clear 
water, of great living masses of coral, which at about ten 
fathoms generally stand some way apart from each other, 
with patches of white sand between them, and at a little 
greater depth these patches become united into a smooth 
Steep slope, without any coral. Capt Moresby, also, 
informs me in support of his statement, that he found only 
decayed coral on the Padua Bank (northern part of the 
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Laccadive group) which has an average depth between 
25 and 35 fathoms, but that on some other banks in 
the same group with only ten or twelve fathoms water on 
them (for instance, the Tillacapeni bank), the coral was 
living. 

With regard to the coral-reefs in the Red Sea, Ehrenberg 
has the following passage:—“ The living corals do not 
descend there into great depths. On the edges of islets 
and near reefs, where the depth was small, very many 
lived; but we found no more even at six fathoms. The 
pearl-fishers at Yemen and Massaua asserted that there was 
no coral near the pearl-banks at nine fathoms deep, but 
only sand. We were not able to institute any more special 
researches.” 1 I am, however, assured both by Captain 
Moresby and Lieut. Wellstead, that in the more northern 
parts of the Red Sea, there are extensive beds of living 
coral at a depth of 25 fathoms, in which the anchors of 
their vessels were frequently entangled. Captain Moresby 
attributes the less depth, at which the corals are able to 
live in the places mentioned by Ehrenberg, to the greater 
quantity of sediment there ; and the situations, where they 
were flourishing at the depth of 25 fathoms, were protected, 
and the water was extraordinarily limpid. On the leeward 
side of Mauritius, where I found the coral growing at a 
somewhat greater depth than at Keeling atoll, the sea, owing 
apparently to its tranquil state, was likewise very clear. 
Within the lagoons of some of the Marshall atolls, where the 
water can be but little agitated, there are, according to 
Kotzebue, living beds of coral in 25 fathoms. From these 
facts, and considering the manner in which the beds of 
clean coral off Mauritius, Keeling Island, the Maldiva and 


1 Ehrenberg, fiber die JUdiur, etc., p. 50. 
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Chagos atolls, graduated into a sandy slope, it appears 
very probable that the depth, at which reef-building poly- 
pifers can exist, is partly determined by the extent of 
inclined surface, which the currents of the sea and 
the recoiling waves have the power to keep free from 
sediment. 

MM. Quoy and Gaimard 1 believe that the growth of 
coral is confined within very limited depths; and they state 
that they never found any fragment of an Astraea (the genus 
they consider most efficient in forming reefs) at a depth 
above 25 or 30 feet. But we have seen that in several 
places the bottom of the sea is paved with massive corals 
at more than twice this depth ; and at 15 fathoms (or twice 
this depth) off the reefs of Mauritius, the arming was marked 
with the distinct impression of a living Astrasa. Millepora 
alcicornis lives in from o to 12 fathoms, and the genera 
Madrepora and Seriatopora from o to 20 fathoms. Capt. 
Moresby has given me a specimen of Sidcropora scabra 
(Porites of Lamarck) brought up alive from 17 fathoms. 
Mr. Couthouy 2 * states that he has dredged up on the 
Bahama banks considerable masses of Meandrina from 16 
fathoms, and he has seen this coral growing in 20 fathoms. 
A Caryophyllia, half an inch in diameter, was dredged up 
alive from 80 fathoms off Juan Fernandez (lat. 33 d S.) by 
Capt. P. P. King : 8 this is the most remarkable fact with which 
I am acquainted, showing the depth at which a genus of 
corals often found on reefs, can exist 4 * We ought, however, 

1 Annates des Set. Nat,, tom. vi. 

2 Rmiarks on Coral Formations , p. 12. 

8 I am indebted to Mr. Stokes for having kindly communicated this 
fact to me, together with much other valuable information. 

4 I will record in the form of a note all the fads that I have been 

a/ble to collect on the depths, both within and without the tropics, at 
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to feel less surprise at this fact, as Caryophyllia alone .of tb.e 
lamelliform genera, ranges far beyond the. tropics; it i s 

which those corals and corallines can live, which there is no reason to 
suppose ever materially aid in the construction of a reef. 


Name of Zoophyte. 


Sertularia. 

Cellaria. 

„ A minute scarlet encrust¬ 
ing species, found living . 
,» An allied, small stony 
sub-generic form 
A coral allied to Vincularia, 
with eight rows of cells . 
Tubulipora, near to T. patima. 

Do. do. 

Cellepora, several species, and 
allied sub-generic form 
Ditto . 

Ditto . 

Eschara 
Ditto . 

Retepora . 


Ditto. 

Millepora, a strong coral with) 
cylindrical branches, of a 
pink colour, about two 
inches high, Tesemblmg in 
the form of its orifices M. 
aspera of Lamarck . 


Coralium . 

Antipathes. 

Gorgonia (or an allied form) 


Depth in 
Fathoms. 

Country and S. 
Latitude. 

40 

Ditto 

Cape Horn 60° 

, Ditto 

190 

Keeling At. 12° 

48 

S. Cruz Riv. 50° 

40 

Ditto 

94 

Cape Horn 
Ditto 

East Chiloe 43° 

40 

40 and 57 
48 

B0 

48 

40 

Cape Horn 
Chonos Arch. 45* 

S. Cruz 50° 
Tierra del Fuego53° 
S. Cruz R. 50° 
Cape Horn 

100 

C. Good Hope 34° 

1 

94 and 30 

E. Chiloe 43°, Tierra 
del Fuego 53 s 

120 

Barbary 33° N. 

16 

Chonos 45° 

160 

f Abrolhos on the 
^ coast of Brazil 18° 


[Where none 
is given, tiro 
observation ^ 
Imy own.] 


Authority- 


(Quoy <fc Gf-ni- 
J inard, Ann. 

) Scien. Not., 
(t. vi p. 284, 


Peyssonel fra 
paper react to 
Royal Soc., 
May 1752. 


Cp. Beecliey 
informed, me 
of this fact 
in a letter 


Ellis {Nat. Nut. of Coralline t p. 96) states that Omhellularia ■wsys 
procured in lat. 79 0 N. striking to a line from the depth of 236 fathoms ; 
hence this coral either must have been floating loose, or was entangled, 
in stray line at the bottom. Off Keeling atoll a compound Ascidla 
(Sigillina) was brought up from 39 fathoms, and a piece of sponge, 
apparently living, from 70, and a fragment of Nullipora also apparently 
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found in Zetland 1 “in Lat 6o° N. in deep water, and I 
procured a small species from Tierra del Fuego in Lat 53 0 
S. Capt Beechey informs me, that branches of pink and 
yellow coral were frequently brought up from between 20 
and 25. fathoms off the Low atolls; and Lieut. Stokes, 
writing to me from the N.W. coast of Australia, says that a 
strongly branched coral was procured there from 30 fathoms: 
unfortunately it is not known to what genera these corals 
belong. 

Although the limit of depth, at which each particular 
kind of coral ceases to exist, is far frorn^ being accurately 
known; yet when we bear in mind the manner in which 
the clumps of coral gradually became infrequent at about 
the same depth, and wholly disappeared at a greater depth 
than 20 fathoms, on the slope round Keeling atoll, on the 
leeward side of the’ Mauritius, and at rather less depth, 
both without and within the atolls of the Maldiva and 
Chagos Archipelagoes; and when we know that the reefs 
round these islands do not differ from other coral forma¬ 
tions in their form' and structure, we may, I think, conclude 
that in ordinary cases, reef-building poiypifers do not 

' living from 92 fathoms. At a greater depth than 90 fathoms off this 
coral island, the bottom was thickly strewed with joints of Iialimeda 
and small fragments of other Nulliporse, but all dead. Captain B. Allen, 
R.N., informs me that in the survey of the West Indies it was noticed 
that between the depth of 10 and 200 fathoms, the sounding lead very 
generally came up coated with the dead joints of a Iialimeda, of which 
he showed me specimens. Off Pernambuco, in Brazil, in about twelve 
fathoms, the bottom was covered with fragments dead and alive of 
a dull red Nullipora, and I infer from Roussin’s chart, that a bottom of 
this kind extends over a wide area. On the beach, within the coral-reefs 
Of Mauritius, vast quantities of fragments of Nulliporse were piled up. 
From these facts it appears, that these simply organised bodies are 
.amongst the most abundant productions of the sea. 

1 Fleming’s British Animals, genus Caryophyllia. 
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flourish at greater depths than between 20 and 3 ° 
fathoms. 

It has been argued 1 that reefs may possibly rise from 
very great depths through the means of small corals, first 
making a platform for the growth of the stronger kinds. 
This, however, is an arbitrary supposition : it is not always 
remembered, that in such cases there is an antagonist power 
in action, namely, the decay of organic bodies, when no! 
protected by a covering of sediment, or by their own rapid 
growth. We have, moreover, no right to calculate on 
unlimited time for the accumulation of small organic bodies 
into great masses. Every fact in geology proclaims that 
neither the land, nor the bed of the sea retain for indefinite 
periods the same level. As well might it be imagined that 
the British Seas would in time become choked up with beds 
of oysters, or that the numerous small corallines off the 
inhospitable shores of Tierra del Fuego would in time form 
a solid and extensive coral-reef. 


1 Journal of the Royal Geographical Society , 1831, p. 218. 











CHAPTER V. 


THEORY OF THE FORMATION OF THE DIFFERENT 
CLASSES OF CORAL-REEFS. 

The atolls of the larger archipelagoes are not formed on submerged 
craters, or on banks of sediment.—Immense areas interspersed with 
atolls.—Their subsidence.—The effects of storms and earthquakes 
on atolls.—Recent changes in their state.—The origin of barrier - 
reefs and of atolls.—Their relative forms.—The step-formed ledges 
and walls round the shores of some lagoons.—The ring-formed 
reefs of the Maldiva atolls .— lhe submerged condition of parts or 
of the whole of some annular reefs.—The disseverment of large 
atolls.—The union of atolls by linear reefs.—The Great C/zagos 
Bank.—Objections from the area and anmint of subsidence required 
by the theory , considered .— The probable composition of the lower 
parts of atolls. 

The naturalists who have visited the Pacific, seem to have 
had their attention riveted by the lagoon-islands, or atolls, 
—those singular rings of coral-land which rise abruptly out 
of the unfathomable ocean—and have passed over, almost 
unnoticed, the scarcely less wonderful encircling barrier- 
reefs. The theory most generally received on the formation 
of atolls, is that they are based on submarine craters; but 
where can we find a crater of the shape of Bow atoll, which 
is five times as long as it is broad (Plate III., Fig. 5) ; or like 
that of Menchicoff Island (Plate I., Fig. 2), with its three 
loops, together sixty miles in length; or like Rimsky 
Korsacoff, narrow, crooked, and fifty-four miles long; or 
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like the northern Maldiva atolls, made up of numerous, 
ring-formed reefs, placed on the margin of a disc,—one of 
which discs is eighty-eight miles in length, and only from 
ten to twenty in breadth. It is, also, not a little improbajblo 
that there should have existed as many craters of immense 
size crowded together beneath the sea, as there are now m 
some parts atolls. But this theory lies under a greater 
difficulty, as will be evident, when we consider on wtmt 
foundations the atolls of the larger archipelagoes rest: : 
nevertheless, if the rim of a crater afforded a basis at the 
proper depth, I am far from denying that a reef like a 
perfectly characterised atoll might not be formed; some 
such, perhaps, now exist; but I cannot believe in the 
possibility of the greater number having thus originated. 

An earlier and better theory was proposed by Chamisso 
he supposes that as the more massive kinds of corals prefer 
the surf, the outer portions, in a reef rising from a sub¬ 
marine basis, would first reach the surface and consequently 
form a ring. But on this view it must be assumed,' that in 
every case the basis consists of a flat bank; for if it were 
conically formed, like a mountainous mass, we can see no 
reason why the coral should spring up from the fLanlcs, 
instead of from the central and highest parts : considering 
the number of the atolls in the Pacific and Indian Oceans, 
this assumption is very improbable. As the lagoons of 
atolls are sometimes even more than forty fathoms deep, it 
must, also, be assumed on this view, that at a depth, at 
which the waves do not break, the coral grows more 
vigorously on the edges of a bank than on its central part ; 
and this is an assumption without any evidence in support 
of it I remarked, in the third chapter, that a reef, growl ng 

1 Kotzebue’s First Voyage , vol. iii. p. 331. 
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on a detached bank, would tend to assume an atoll-like 
structure; if, therefore, corals were to grow up from a bank, 
with a level surface some fathoms submerged, having steep 
sides and being situated in a deep sea, a reef not to be 
distinguished from an atoll, might be formed: I believe 
some such exist in the West Indies. But a difficulty of the 
same kind with that affecting the crater theory, renders, as 
we shall presently see, this view inapplicable to the greater 
number of atolls. 

No theory worthy of notice has been advanced to account 
for those barrier-reefs, which encircle islands of moderate 
dimensions. The great reef which fronts the coast of 
Australia has been supposed, but without any special facts, 
to rest on the edge of a submarine precipice, extending 
parallel to the shore. The origin of the third class or of 
fringing-reefs presents, I believe, scarcely any difficulty, and 
is simply consequent on the polypifers not growing up from 
great depths, and their not flourishing close to gently 
shelving beaches where the water is often turbid. 

What cause, then, has given to atolls and barrier-reefs 
their characteristic forms? Let us see whether an im¬ 
portant deduction will not follow from the consideration of 
these two circumstances,—first, the reef-building corals 
flourishing only at limited depths,—and secondly, the 
vastness of the areas interspersed with coral-reefs and coral- 
islets, none of which rise to a greater height above the level 
of the sea, than that attained by matter thrown up by the 
waves and winds. I do not make this latter statement 
vaguely; I have carefully sought for descriptions of every 
island in the intertropical seas; and my task has been in 
some degree abridged by a map of the Pacific, corrected in 
i$34 by MM. D’Urville and Lottin, in which the low 
islands are distinguished from the high ones (even from 
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those much less than a hundred feet in height) by being 
written without a capital letter; I have detected a few 
errors in this map, respecting the height of some of the 
islands, which will be noticed in the Appendix, where I 
treat of coral formations in geographical order. To the 
Appendix, also, I must refer for a more particular account 
of the data on which the statements on the next p age 
are grounded. I have ascertained, and chiefly from the 
writings of Cook, Kotzebue, Bellinghausen, Duperrej^, 
Beechey, and Lutk6, regarding the Pacific; and from 
Moresby 1 with respect to the Indian Ocean, that in the 
following cases the term “low island ” strictly means 
land of the height commonly attained by matter thrown 
up by the winds and the waves of an open sea. 
If we draw a line (the plan I have always adopted) 
joining the external atolls of that part of the Low 
Archipelago in which the islands are numerous, the 
figure will be a pointed ellipse (reaching from Hood to 
Lazaref Island), of which the longer axis is 840 geographical 
miles, and the shorter 420 miles; in this space 2 none of the 

See also Capt. Owen’s and Lieut. Wood’s papers in the Griso- 
graphical Journal , on the Maldiva and Laccadive Archipelagoes. 
These officers particularly refer to the lowness of the islets• but I 
chiefly ground my assertion respecting these two groups, and the 
Chagas group, from information communicated to me by Capt. 
Moresby. ^ 

4 I find from . Mr - Couthouy’s pamphlet (p. 58) that Aurora Island is 
about 200 feet in height j it consists of coral-rock, and seems to have 
been formed by the elevation of an atoll. It lies north-east of Tahiti, 
close without the line bounding the space coloured dark blue in the 
map appended to this volume. Honden Island, which is situated in 
the extreme north-west part of the Low Archipelago, according to 
measurements made on board the Beagle, whilst sailing by, is 114 
feet from the summit of the trees to the water’s edge. This island 
appeared to resemble the other atolls of the group. 
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innumerable islets united into great rings rise above the 
stated level. The Gilbert group is very narrow, and 300 
miles in length. In a prolonged line from this group, at 
the distance of 240 miles, is the Marshall Archipelago, 
the figure of which is an irregular square, one end being 
broader than the other; its length is 520 miles, with an 
average width of 240: these two groups together are 1,040 
miles in length, and all their islets are low. Between the 
southern end of the Gilbert and the northern end of Low 
Archipelago, the ocean is thinly strewed with islands, all 
of which, as far as I have been able to ascertain, are low; 
so that from nearly the southern end of the Low Archi¬ 
pelago, to the northern end of the Marshall Archipelago, 
there is a narrow band of ocean, more than 4,000 miles 
in length, containing a great number of islands, all of 
which are low. In the western part of the Caroline 
Archipelago, there is a space of 480 miles in length, and 
about 100 broad, thinly interspersed with low islands. 
Lastly, in the Indian Ocean, the archipelago of the 
Maldivas is 470 miles in length, and 60 in breadth; that 
of the Laccadives is 150 by 100 miles: as there is a low 
island between these two groups, they may be considered 
as one group of a thousand miles in length. To this may 
be added the Chagos group of low islands, situated 280 
miles distant, in a line prolonged from the southern 
extremity of the Maldivas. This group, including the 
submerged banks, is 170 miles in length and 80 in breadth. 
So striking is the uniformity in direction of these three 
archipelagoes, all the islands of which are low, that Captain 
Moresby, in one of his papers, speaks of them as parts 
of one great chain, nearly 1,500 miles long. I am, then, 
fully justified in repeating, that enormous spaces, both in 
the Pacific and Indian Oceans, are interspersed with islands, 
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of which not one rises above that height, to which 1 
waves and winds in an open sea can heap up matter. 

On what foundations, then, have these reefs and isl 
of coral been constructed ? A foundation must origina 
have been present beneath each atoll at that limited dep 
which is indispensable for the first growth of the re 
building polypifers. A conjecture will perhaps be hazard* 
that the requisite bases.might have been afforded by t 
accumulation of great banks of sediment, which owing 
the action of superficial currents (aided possibly by t 
undulatory movement of the sea) did not quite reach t 
surface,—as actually appears to have been the case in sol 
parts of the West Indian Sea. But in the form and d 
position of the groups of atolls, there is nothing 
countenance this notion; and the assumption without a 
proof, that a number of immense piles of sediment ha 
been heaped on the floor of the great Pacific and IncK 
Oceans, in their central parts far remote from land, a 
where the dark blue colour of the limpid water bespea 
its purity, cannot for one moment be admitted. 

The many widely-scattered atolls must, therefore, rest ■ 
rocky bases. But we cannot believe that the broad sumn 
of a mountain lies buried at the depth of a few fathoi 
beneath every atoll, and nevertheless throughout t 
immense areas above-named, with not one point of ro 
projecting above the level of the sea; for we may jud 
with some accuracy of mountains beneath the sea, by the 
on the land; and where can we find a single chain sevei 
hundred miles in length and of considerable breadth, mu 
less several such chains, with their many broad sumra 
attaining the same height, within from 120 to 180 fee 
If the data be thought insufficient, on which I ha 
grounded my belief, respecting the depth at which 1 
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reef-building polypifers can exist, and it be assumed that 
they can flourish at a depth of even 100 fathoms, yet the 
weight of the above argument is but little diminished, for 
it is almost equally improbable, that as many submarine 
mountains, as there are low Islands in the several great and 
widely separated areas above specified, should all rise 
within 600 feet of the surface of the sea and not one 
above it, as that they should be of the same height within 
the smaller limit of one or two hundred feet. So highly 
improbable is this supposition, that we are compelled to 
believe, that the bases of the many atolls did never at any 
one period all lie submerged within the depth of a few 
fathoms beneath the surface, but that they were brought 
into the requisite position or level, some at one period and 
some at another, through movements in the earth’s crust. 
But this could not have been effected by elevation, for the 
belief that points so numerous and so widely separated 
were successively uplifted to a certain level, but that not 
one point was raised above that level, is quite as improbable 
as the former supposition, and indeed differs little from it. 
It will probably occur to those who have read Ehrenberg’s 
account of the Reefs of the Red Sea, that many points in 
these great areas may have been elevated, but that as soon 
as raised, the protuberant parts were cut off by the destroy¬ 
ing action of the waves: a moment’s reflection, however, 
on the bason-like form of the atolls, will show that this is 
impossible; for the upheaval and subsequent abrasion of an 
island would leave a flat disc, which might become coated 
with coral, but not a deeply concave surface ; moreover, we 
should expect to see, in some parts at least, the rock of the 
foundation brought to the surface. If, then, the founda¬ 
tions of the many atolls were not uplifted into the requisite 
position, they must of necessity have subsided into it ; and 
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this at once solves every difficulty, 1 for we may safely infer, 
from the facts given in the last chapter, that during a 
gradual subsidence the corals would be favourably circum¬ 
stanced for building up their solid frameworks and reaching 
the surface, as island after island slowly disappeared. Thus 
areas of immense extent in the central and most profound 
parts of the great oceans, might become interspersed with 
coral-islets, none of which would rise to a greater height 
than that attained by detritus heaped up by the sea, and 
nevertheless they might all have been formed by corals, 
which absolutely required for their growth a solid foundation 
within a few fathoms of the surface. 

It would be out of place here to do more than allude to 
the many facts, showing that the supposition of a gradual 
subsidence over large areas is by no means improbable. 

1 The additional difficulty on the crater hypothesis before alluded to, 
will now be evident; for on this view the volcanic action must be sup¬ 
posed to have formed within the areas specified a vast number of craters, 
all rising within a few fathoms of the surface, and not one above it. 
The supposition that the craters were at different times upraised above 
the surface, and were there abraded by the surf and subsequently 
coated by corals, is subject to nearly the same objections with, those 
given at the bottom of the last page; but I consider it superfluous to 
detail all the arguments opposed to such a notion. Chamisso’s theory, 
from assuming the existence of so many banks, all lying at the proper 
depth beneath the water, is also vitally defective. The same observa¬ 
tion applies to an hypothesis of Lieut. Nelsons {Geolog. Traits., vol. 
v. p. 122), who supposes that the ring-formed structure is caused* by a 
greater number of germs of corals becoming attached to the declivity, 
than to the central plateau of a submarine bank: it likewise applies to 
the notion formerly entertained (Forster’s Observ., p. 151), that lagoon- 
islands owe their peculiar form to the instinctive tendencies of the 
polypifers. According to this latter view, the corals on the outer 
margm of the reef instinctively expose themselves to the surf in. order 
to aftord protection to corals living in the lagoon, which beloncr to 
other genera, and to other families! ’ ** 
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We have the clearest proof that a movement of this kind is 
possible, in the upright trees buried under the strata ma,ny 
thousand feet in thickness; we have also every reason for 
believing that there are now large areas gradually sinking, 
in the same manner as others are rising. And when we 
consider how many parts of the surface of the globe have 
been elevated within recent geological periods, we must 
admit that there have been subsidences on a corresponding 
scale, for otherwise the whole globe would have swollen. 
It is very remarkable that Mr. Lyell, 1 even in the first 
edition of his Principles of Geology , inferred that the 
amount of subsidence in the Pacific must have exceeded 
that of elevation, from the area of land being very small 
relatively to the agents there tending to form it, namely, 
the growth of coral and volcanic action. But it will be 
asked, are there any direct proofs of a subsiding movement 
in those areas, in which subsidence will explain a pheno¬ 
menon otherwise inexplicable ? This, however, can hardly 
be expected, for it must ever be most difficult, excepting in 
countries long civilised, to detect a movement, the tendency 
of which is to conceal the part affected. In barbarous and 
Semi-civilised nations how long might not a slow movement, 
even of elevation such as that now affecting Scandinavia, 
have escaped attention! 

Mr. Williams 2 insists strongly that the traditions of the 
natives, which he has taken much pains in collecting, do 
not indicate the appearance of any new islands: but on the 
theory of a gradual subsidence, all that would be apparent 
would be, the water sometimes encroaching slowly on the 
land, and the land again recovering by the accumulation 
of detritus its former extent, and perhaps sometimes the 

- 1 Principles of Geology, sixth edition, vol. iii. p. 386. 

a Williams’s Narrative of Missionary Enterprise , p, 31. 
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conversion of an atoll with coral islets on it, into a bar© or 
into a sunken annular reef. Such changes would naturally 
take place at the periods when the sea rose above its usual 
limits, during a gale of more than ordinary strength ; and 
the effects of the two causes would be hardly distinguish¬ 
able. In Kotzebue’s Voyage there are accounts of islands, 
both in the Caroline and Marshall Archipelagoes, which, 
have been partly washed away during hurricanes ; and 
Kadu, the native who was on board one of the Russian 
vessels, said “he saw the sea at Radack rise to the feet of 
the cocoa-nut trees; but it was conjured in time.** x A 
storm lately entirely swept away two of the Caroline islands, 
and converted them into shoals; it partly, also, destroyed 
two other islands. 2 According to a tradition which, was 
communicated to Capt. Fitzroy, it is believed in the Low 
Archipelago, that the arrival of the first ship caused a great 
inundation, which destroyed many lives. Mr. Stutchbury 
relates, that in 1825, the western side of Chain Atoll, in 
the same group, was completely devastated by a hurricane, 
and not less than 300 lives lost: “ in this instance it was 
evident, even to the natives, that the hurricane alone was 
not sufficient to account for the violent agitation of the 
ocean.” 3 That considerable changes have taken place 
recently in some of the atolls in the Low Archipelago, 
appears certain from the case already given of Matilda 
Island: with respect to Whitsunday and Gloucester Islands 
in this same group, we must either attribute great inaccuracy 
to their discoverer, the famous circumnavigator Wallis, or 
believe that they have undergone a considerable change in 
the period of fifty-nine years, between his voyage and that 

1 Kotzebue’s First Voyage, vol. iii. p. 168. 

2 M. Desmoulins in Comptes Rendus, 1840, p. 837. ? 

8 West of England Journal, No. 1, p. 35. 
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of Capt. Beechey’s. Whitsunday Island is described by 
Wallis as “about four miles long, and three wide,” now it 
is only one mile and a half long. The appearance of 
Gloucester Island, in Capt. Beechey’s words, 1 “has been 
accurately described by its discoverer, but its present form 
and extent differ materially.” Blenheim reef, in the Chagos 
group, consists of a water-washed annular reef, thirteen 
miles in circumference, surrounding a lagoon ten fathoms 
deep : on its surface there were a few worn patches of 
conglomerate coral-rock, of about the size of hovels; and 
these Capt. Moresby considered as being, without doubt, 
the last remnants of islets; so that here an atoll has been 
converted into an atoll-formed reef. The inhabitants of the 
Maldiva Archipelago, as long ago as 1605, declared, “that 
the high tides and violent currents were diminishing the 
number of the islands : ” 2 and I have already shown, on the 
authority of Capt. Moresby, that the work of destruction is 
still in progress; but that on the other hand the first 
formation of some islets is known to the present inhabitants. 
In such cases, it would be exceedingly difficult to detect 
a gradual subsidence of the foundation, on which these 
mutable structures rest. 

Some of the archipelagoes of low coral-islands are subject 
to earthquakes: Capt. Moresby informs me that they are 
frequent, though not very strong, in the Chagos group, 
which occupies a very central position in the Indian Ocean, 
and is far from any land not of coral formation. One of 
the islands in this group was formerly covered by a bed of 
mould, which, after an earthquake, disappeared, and was 

1 Beechey’s Voyage to the Pacific, chap. vii., and Wallis’s Voyage in 
the Dolphin, chap. iv. 

2 See an extract from Pyrard’s Voyage in Captain Owen’s paper on 
the Maldiva Archipelago, in the Geographical Journal , vol. ii. p, 84. 
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believed by the residents to have been washed by the rain 
through the broken masses of underlying rock; the island 
was thus rendered unproductive. Chamisso 1 states, that 
earthquakes are felt in the Marshall atolls, which are f^ r 
from any high land, and likewise in the islands of tdie 
Caroline Archipelago. On one of the latter, naro ely 
Oulleay atoll, Admiral Lutk6, as he had the kindness to 
inform me, observed several straight fissures about a foot in 
width, running for some hundred yards obliquely across the 
whole width of the reef. Fissures indicate a stretching: of 
the earth’s crust, and, therefore, probably changes in its 
level; but these coral-islands, which have been shaken and 
fissured, certainly have not been elevated, and, therefore, 
probably they have subsided. In the chapter on Keeling' 
atoll, I attempted to show by direct evidence, that the 
island underwent a movement of subsidence, during the 
earthquakes lately felt there. 

The facts stand thus;—there are many large tracts of 
ocean, without any high land, interspersed with reefs and 
islets, formed by the growth of those kinds of corals, which 
cannot live at great depths; and the existence of these 
reefs and low islets, in such numbers and at such distant 
points, is quite inexplicable, excepting on the theory, tlaat 
the bases on which the reefs first became attached, slowly 
and successively sank beneath the level of the sea, whilst 
the corals continued to grow upwards. No positive facts 
are opposed to this view, and some general considerations 
render it probable. There is evidence of change in form, 
whether or not from subsidence, or some of these coral- 
islands; and there is evidence of subterranean disturbances 
beneath them. Will then the theory, to which we have 

1 See Chamisso, in Kotzebue’s First Voyage % vol. iii. pp. 182 and 
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thus been led, solve the carious problem,—what has given 
to each class of reef its peculiar form? 

Let us in imagination place within one of the subsiding 
areas, an island surrounded by a u fringing-reef,” that 
kind, which alone offers no difficulty in the explanation 
of its origin. Let the unbroken lines and the oblique 
shading in the woodcut (No. 4) represent a vertical section 
through such an island; and the horizontal shading will 



AA—Outer edge of the reef at the level of the sea. 

BB—Shores of the island. 

A'A'—Outer edge of the reef, after its upward growth during a period of 
subsidence. 

CC—The lagoon-channel between the reef and the shores of the now encircled 
land. 

B'B'—The shores of the encircled island. 

N.B.—In this, and the following woodcut, the subsMenco of the land could 
only be represented by an apparent rise in the lovel of the sea. 

represent the section of the reef. Now, as the island sinks 
down, either a few feet at a time or quite insensibly, we 
may safely infer from what we know of the conditions 
favourable to the growth of coral, that the living masses 
bathed by. the surf on the margin of the reef, will soon 
regain the surface. The water, however, will encroach, 
little by little, on the shore, the island becoming lower 
and smaller, and the space between the edge of the reef 
and the beach proportionately broader. A section of the 
reef and island in this state, after a subsidence of several 
hundred feet, is given by the dotted lines: coral-islets arc 
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supposed to have been formed on the new reef, and a ship 
Is anchored in the lagoon-channel. This section m 
every.respect that of an encircling barrier-reef; it is* 
fact, a section taken 1 E. and W. through the highest point 
of the encircled island of Bolabola; of which a plan is 
given in Plate II, Fig. i. The same section is more clearly 
shown in the following woodcut (No. 5) by the unbroken 
lines. The width of the reef, and its slope, both on the 
outer and inner side, will have been determined by the 
growing powers of the coral, under the conditions ... 

instance, the force of the breakers and of the currents) 
to which it has been exposed; and the lagoon-channel 
will be deeper or shallower, in proportion to the growth of 
the delicately branched corals within the reef, and to the 
accumulation of sediment, relatively, also, to the rate of 
subsidence and the length of the intervening stationary 
periods. 

It is evident in this section, that a line drawn perpen¬ 
dicularly down from the outer edge of the new reef to the 
foundation of solid rock, exceeds by as many feet as there 
have been feet of subsidence, that small limit of depth, at 
which the effective polypifers can live,—the corals having 
grown up, as the whole sank down, from a basis formed 
of other corals and their consolidated fragments. Thus 
the difficulty on this head, which before seemed so great, 
disappears. 

As the space between the reef and the subsiding shore 
continued to increase in breadth and depth, and as the 

1 The section has been made from the chart given in the Alices of 
the Voyage of the Coquille. The height of the island, according to 
M. Lesson, is 4,026 feet. The deepest part of the lagoon channel is 
162 feet | its depth is exaggerated in the woodcut for the s&tee of 

ctatm 
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injurious effects of the sediment and fresh water borne 
down from the land were consequently lessened, the 
greater number of the channels, with which the reef in its 
fringing state must have been breached, especially those 
which fronted the smaller streams, will have become choked 
up with the growth of coral: on the windward side of the 
reef, where the coral grows most vigorously, the breaches 
will probably have first been closed. In barrier-reefs, 
therefore, the breaches kept open by draining the tidal 
waters of the lagoon-channel, will generally be placed on 
the leeward side, and they will still face the mouths of the 
larger streams, although removed beyond the influence of 
their sediment and fresh water;—and this, it has been 
shown, is commonly the case. 

Referring to the following diagram, in which the newly 
formed barrier-reef is represented by unbroken lines, instead 
of by dots as in the former woodcut, let the work of 
subsidence go on, and the doubly pointed hill will form two 



A'A'—Outer edges of the barrier-reef at the lavcl of the sea. The cocoa-nut 
trees represent coral-islets formed on the reef. 

CO—The lagoon channel. 

B'B'— The shores of the island, generally formed of low alluvial land and of 
coral detritus from the lngoon-channel. 

A/'Af'—Uhe outer edges of the reef now forming an atoll. 

CCThe lagoon of the newly formed atoll. According to the scale, the 
clepth of the lagoon and of the lagoon-channel is exaggerated. 

874 
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small islands (or more, according to the number of the hills) 
included within one annular reef. Let the island continue 
subsiding, and the coral-reef will continue growing up on its 
own foundation, whilst the water gains inch by inch on the 
land, until the last and highest pinnacle is covered, and 
there remains a perfect atoll A vertical section of this atoll 
is shown in the woodcut by the dotted lines;—a ship is 
anchored in its lagoon, but islets are not supposed yet to have 
been formed on the reef. The depth of the lagoon and the 
width and slope of the reef, will depend on the circum¬ 
stances just referred to under barrier-reefs. Any further 
subsidence will produce no change in the atoll, except 
perhaps a diminution in its size, from the reef not growing 
vertically upwards; but should the currents of the sea act 
violently upon it, and should the corals perish on part or on 
the whole of its margin, changes would result during sub¬ 
sidence which will be presently noticed. I may here 
observe, that a bank either of rock or of hardened 
sediment, level with the surface of the sea, and fringed 
with living coral, would (if not so small as to allow the 
central space to be quickly filled up with detritus) by 
subsidence be converted immediately into an atoll, without 
passing, as in the case of a reef fringing the shore of an 
island, through the intermediate form of a barrier-reef. If 
such a bank lay a few fathoms submerged, the simple 
growth of the coral (as remarked in the third chapter) 
without the aid of subsidence, would produce a structure 
scarcely to be distinguished from a true atoll; for in all cases 
the corals on the outer margin of a reef, from having space 
and being freely exposed to the open sea, will grow 
vigorously and tend to form a continuous ring whilst the 
growth of the less massive kinds on the central expanse, 
will be checked by the sediment formed there, and by that 
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washed inwards by the breakers; and as the space becomes 
shallower, their growth will, also, be checked by the 
impurities of the water, and probably by the small amount 
of food brought by the enfeebled currents, in proportion 
to the surface of living reefs studded with innumerable 
craving mouths : the subsidence of a reef based on a bank 
of this kind, would give depth to its central expanse or 
lagoon, steepness to its flanks, and through the free growth 
of the coral, symmetry to its outline:—I may here repeat 
that the larger groups of atolls in the Pacific and Indian 
Oceans cannot be supposed to be founded on banks of this 
nature. 

If, instead of the island in the diagram, the shore of a 
continent fringed by a reef had subsided, a great barrier- 
reef, like that on the N.E. coast of Australia, would have 
necessarily resulted; and it would have been separated 
from the main land by a deep-water channel, broad in pro¬ 
portion to the amount of subsidence, and to the less or 
greater inclination of the neighbouring coast-line. The 
effect of the continued subsidence of a great barrier-reef 
of this kind, and its probable conversion into a chain of 
separate atolls, will be noticed, when we discuss the 
apparent progressive disseverment of the larger Maldiva 
atolls. 

We now are able to perceive that the close similarity in 
form, dimensions, structure, and relative position (which 
latter point will hereafter be more fully noticed) between 
fringing and encircling barrier-reefs, and between these 
latter and atolls, is the necessary result of the transforma¬ 
tion, during subsidence of the one class into the other. 
On this view, the three classes of reefs ought to graduate 
into each other. Reefs having an intermediate character 
between those of the fringing and barrier classes do exist; 
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for instance, on the S.W. coast of Madagascar, a reef 
extends for several miles, within which there is a broad 
channel from seven to eight fathoms deep, but the sea does 
not deepen abruptly outside the reef. Such cases, however, 
are open to some doubts, for an old fringing-reef, which, had 
extended itself a little on a basis of its own formation, 
would hardly be distinguishable from a barrier-reefi pro¬ 
duced by a small amount of subsidence, and with its 
lagoon-channel nearly filled up with sediment during a long 
stationary period. Between barrier-reefs, encircling either 
one lofty island or several small low ones, and atolls includ¬ 
ing a mere expanse of water, a striking series can be shown: 
in proof of this, I need only refer to the plates in this 
volume, which speak more plainly to the eye, than any 
description could to the ear. The authorities from which 
the charts have been engraved, together with some remarks 
on them, are given on a separate page descriptive of the 
plates. At New Caledonia (Plate III., Fig. 3) the barrier- 
reefs extend for 150 miles on each side of the submarine 
prolongation of the island; and at their northern extremity 
they appear broken up and converted into a vast atoll- 
formed reef, supporting a few low coral-islets: we may 
imagine that we here see the effects of subsidence actually 
in progress,—the water always encroaching on the northern 
end of the island, towards which the mountains slope down, 
and the reefs steadily building up their massive fabrics In 
the lines of their ancient growth. 

We have as yet only considered the origin of barrier-reefs 1 
and atolls in their simplest form; but there remain som0 
peculiarities in structure and some special cases, described 
in the two first chapters, to be accounted for by our theory. 
These consist—in the inclined ledge terminated by a wall, 
and sometimes succeeded by a second ledge with a wall, 
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round the shores of certain lagoons and lagoon-channels; 
a structure which cannot, as I endeavoured to show, be 
explained by the simple growing powers of the corals,—in 
the ring or bason-like forms of the central reefs, as well as 
of the separate marginal portions of the northern Maldiva 
atolls,—in the submerged condition of the whole, or of parts 
of certain barrier and atoll-formed reefs; where only a 
part is submerged, this being generally to leeward,—in the 
apparent progressive disseverment of some of the Maldiva 
atolls,—in the existence of irregularly formed atolls, some 
being tied together by linear reefs, and others with spurs 
projecting from them,—and, lastly, in the structure and 
origin of the Great Chagos Bank. 

Step-formed ledges round certain lagoons. —If we suppose 
an atoll to subside at an extremely slow rate, it is difficult 
to follow out the complex results. The living corals would 
grow up on the outer margin; and likewise probably in the 
gullies and deeper parts of the bare surface of the annular 
reef; the water would encroach on the islets, but the 
accumulation of fresh detritus might possibly prevent 
their entire submergence. After a subsidence of this very 
slow nature, the surface of the annular reef sloping gently 
into the lagoorr, would probably become united with the 
irregular reefs and banks of sand, which line the shores 
of most lagoons. Should, however, the atoll be carried 
down by a more rapid movement, the whole surface 
of the annular reef, where there was a foundation of 
solid matter, would be favourably circumstanced for the 
fresh growth of coral; but as the corals grew upwards on 
its exterior margin, and the waves broke heavily on this 
part, the increase of the massive polypifers on the inner 
side would be checked from the want of water. Conse¬ 
quently, the exterior parts would first reach the surface, 
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and the new annular reef thus formed on the old one, 
would have its summit inclined inwards, and be terminated, 
by a subaqueous wall, formed by the upward growth of the 
coral (before being much checked), from the inner edge of 
the solid parts of the old reef. The inner portion of the 
new reef, from not having grown to the surface, would he 
covered by the waters of the lagoon. Should a subsidence 
of the same kind be repeated, the corals would again grow 
up in a wall, from all the solid parts of the resunken reef, 
and, therefore, not from within the sandy shores of the 
lagoon; and the inner part of the new annular reef would, 
from being as before checked in its upward growth, be of 
less height than the exterior parts, and therefore would not 
reach the surface of the lagoon. In this case the shores of 
the lagoon would be surrounded by two inclined ledges, 
one beneath the other, and both abruptly terminated t>y 
subaqueous cliffs. 1 

The ring or bason-formed reefs of the northern Malrdi'ZJa 
atolls .—I may first observe, that the reefs within the 
lagoons of atolls and within lagoon-channels, would, if 
favourably circumstanced, grow upwards during subsidence 
in the same manner as the annular rim; and, therefore, we 
might expect that such lagoon-reefs, when riot surrounded 

1 According to Mr. Couthouy (p. 26), the external reef round many 
atolls descends by a succession of ledges or terraces. He attempts, I 
doubt whether successfully, to explain this structure somewhat in the 
same manner as I have attempted, with respect to the internal ledges 
round the lagoons of some atolls. More facts are wanted regarding 
the nature both of the interior and exterior step-like ledges: are.all llie' 
ledges, or only the upper ones, covered with living coral ? If they sire 
all covered, are the kinds different on the ledges according to the 
depth? Do the interior and exterior ledges occur together in the same' 
atolls; if so, what is their total width, and is the intervening surface- 
ireef narrow, etc. ? 
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and buried by an accumulation of sediment more rapid 
than the rate of subsidence, would rise abruptly from a 
greater depth than that at which the efficient polypifers can 
flourish: we see this well exemplified in the small abruptly- 
sided reefs,^ with which the deep lagoons of the Chagos and 
Southern Maldiva atolls are studded. With respect to the 
ring or bason-formed reefs of the Northern Maldiva atolls, 
it is evident, from the perfectly continuous series which 
exists, that the marginal rings, although wider than the 
exterior or bounding reef of ordinary atolls, are only modi¬ 
fied portions of such a reef; it is also evident that the cen¬ 
tral rings, although wider than the knolls or reefs which 
commonly occur in lagoons, occupy their place The ring¬ 
like structure has been shown to be contingent on the 
breaches into the lagoon being broad and numerous, so 
that all the reefs which are bathed by the waters of the 
lagoon are placed under nearly the same conditions with 
the outer coast of an atoll standing in the open sea. 
Hence the exterior and living margins of these reefs must 
have been favourably circumstanced for growing outwards, 
and increasing beyond the usual breadth; and they must 
Likewise have been favourably circumstanced for growing 
vigorously upwards, during the subsiding movements, to 
which by our theory the whole archipelago has been sub¬ 
jected; and subsidence with this upward growth of the 
margins would convert the central space of each little reef 
into a small lagoon. This, however, could only take place 
with those reefs, which had increased to a breadth sufficient 
to prevent their central spaces from being almost imme¬ 
diately filled up with the sand and detritus driven inwards 
from all sides: hence it is that few reefs, which are less 
than half a mile in diameter, even in the atolls where the 
bason-like structure is most strikingly exhibited, include 
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lagoons. This remark, I may add, applies to all coral- 
reefs wherever found. The bason-formed reefs of the 
Maldiva Archipelago may, in fact, be briefly described, 
as small atolls formed during subsidence over the separate 
portions of large and broken atolls, in the same manner 
as these latter were formed over the barrier-re*efs, which 
encircled the islands of a large archipelago now wholly 
submerged. 

Submerged and dead reefs. —In the second section of the 
first chapter, I have shown that there are in the neighbour¬ 
hood of atolls, some deeply submerged banks, with level 
surfaces; that there, are others, less deeply but yet wholly 
submerged, having all the characters of perfect atolls, butt 
consisting merely of dead coral-rock; that there are barrier- 
reefs and atolls with merely a portion of their reef, generally 
on the leeward side, submerged; and that such portions 
either retain their perfect outline, or they appear to he 
quite effaced, their former place being marked only by a 
bank, conforming in outline with that part of the reef which 
remains perfect. These several cases are, I believe, inti¬ 
mately related together, and can be explained by the 
same means. There, perhaps, exist some submerged reefs* 
covered with living coral and growing upwards, but to these 
I do not here refer. 

As we see that in those parts of the ocean, where coral- 
reefs are most abundant, one island is fringed and another 
neighbouring one is not fringed; as we see in the same 
archipelago, that all the reefs are more perfect in one part 
of it than in another,—for instance, in the southern half 
compared with the northern half of the Maldiva Archi¬ 
pelago, and likewise on the outer coasts compared with 
fee inner coasts of the atolls in this same group, which 
are placed in a double row; as we know that the existence 
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of the innumerable polypifers forming a reef, depends on 
their sustenance, and that they are preyed on by other 
organic beings ; and, lastly, as we know that some inorganic 
causes are highly injurious to the growth of coral, it cannot 
be expected that during the round of change to which 
earth, air, and water are exposed, the reef-building polypifers 
should keep alive for perpetuity in any one place; and 
still less can this be expected, during the progressive sub¬ 
sidences, perhaps at some periods more rapid than at 
others, to which by our theory these reefs and islands 
have been subjected and are liable. It is, then, not im¬ 
probable that the corals should sometimes perish either 
on the whole or on part of a reef; if on part, the dead 
portion, after a small amount of subsidence, would still 
retain its proper outline and position beneath the water. 
After a more prolonged subsidence, it would probably form, 
owing to the accumulation of sediment, only the margin of 
a flat bank, marking the limits of the former lagoon. Such 
dead portions of reef would generally lie on the leeward 
side, 1 for the impure water and fine sediment would more 
easily flow out from the lagoon over this side of the reef, 

1 Mr. Lyell, in the first edition of his Principles of Geology , offered a 
somewhat different explanation of this structure. He supposes that 
there has keen subsidence; but he was not aware that the submerged 
portions of reef were in most cases, if not in all, dead; and he attributes 
the difference in height in the two sides of most atolls, chiefly to the 
greater accumulation of detritus to windward than to leeward. But as 
matter is accumulated only on the backward part of the reef, the front 
part would remain of the same height on both sides. I may here 
observe that in most cases (for instance, at Peros Eanhos, the Gambier 
group and the Great Chagos Bank), and I suspect in all cases, the dead 
and submerged portions do not blend or slope into the living and 
perfect parts, but are separated from them by an abrupt line. In some 
instances small patches of living reef rise to the surface from the middle 
of the submerged and dead parts. 
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where the force of the breakers is less than to windward; 
and therefore the corals would be less vigorous on this side, 
and be less able to resist any destroying agent. It is like¬ 
wise owing to this same cause, that reefs are more frequently 
breached to leeward by narrow channels, serving as by ship- 
channels, than to windward. If the corals perished entirely, 
or on the greater part of the circumference of an atoll, 
an atoll-shaped bank of dead rock, more or less entirely 
submerged, would be produced; and further subsidence, 
together with the accumulation of sediment, would often 
obliterate its atoll-like structure, and leave only a bank, with 
a level surface. 

In the Chagos group of atolls, within an area of 160 
miles by 60, there are two atoll-formed banks of dead rock 
(besides another very imperfect one), entirely submerged; 
a third, with merely two or three very small pieces of living 
reef rising to the surface; and a fourth, namely, X^eros 
Banhos (Plate IV., Fig. 3), with a portion nine miles in 
length dead and submerged. As by our theory this area 
has subsided, and as there is nothing improbable in the 
death, either from changes in the state of the surrounding 
sea or from the subsidence being great or sudden, of the 
corals on the whole, or on portions of some of the atolls, 
the case of the Chagos group presents no difficulty* So 
far indeed are any of the above-mentioned cases of sub¬ 
merged reefs from being inexplicable, that their occurrence 
might have been anticipated on our theory; and as fresh 
atolls are supposed to be in progressive formation by the 
subsidence of encircling barrier-reefs, a weighty objection, 
namely that the number of atolls must be increasing 
infinitely, might even have been raised, if proofs of the 
occasional destruction and loss of atolls could not htav®' 
been adduced. 
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The disseverment of the larger Maldiva atolls .—The 
apparent progressive disseverment in the Maldiva Archi- 
pelago of large atolls into smaller ones, is, in many respects, 
an important consideration, and requires an explanation. 
The graduated series which marks, as I believe, this process, 
can be observed only in the northern half of the group, 
where the atolls have exceedingly imperfect margins, con¬ 
sisting of detached bason-formed reefs. The currents of the 
sea flow across these atolls, as I am informed by Capt. 
Moresby, with considerable force, and drift the sediment 
from side to side during the monsoons, transporting much 
of it seaward; yet the currents sweep with greater force 
round their flanks. It is historically known that these atolls 
have long existed in their present state; and we can believe, 
that even during a very slow subsidence they might thus 
remain, the central expanse being kept at nearly its original 
depth by the accumulation of sediment. But in the action 
of such nicely balanced forces during a progressive sub¬ 
sidence (like that, to which by our theory this archipelago 
has been subjected), it would be strange if the currents of 
the sea should never make a direct passage across some one 
of the atolls, through the many wide breaches in their 
margins. If this were once effected, a deep-water channel 
would soon be formed by the removal of the finer sediment, 
and the check to its further accumulation; and the sides of 
the channel would be worn into a slope like that on the 
outer coasts, which are exposed to the same force of the 
currents. In fact, a channel precisely like that bifurcating 
one which divides Mahlos Mahdoo (Plate III., Fig. 4), 
would almost necessarily be formed. The scattered reefs 
situated near the borders of the new ocean-channel, from 
being favourably placed for the growth of coral, would, by 
their extension, tend to produce fresh margins to the 
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dissevered portions; such a tendency is very evident (n.s 
be seen in the large published chart) in the elongated rwt* 
on the borders of the two channels intersecting IVfolitcii 
Mahdoo. Such channels would become deeper with con* 
tinned subsidence, and probably from the reefs not growing 
up perpendicularly, somewhat broader. In this case, 
more especially if the channels had been formed originally 
of considerable breadth, the dissevered portions would bt* 
come perfect and distinct atolls, like Ari and Ross at^lh 
(Plate III., Fig. 2), or like the two Nillandoo atolls, which 
must be considered as distinct, although related in form 
position, and separated from each other by channels, wtiseti 
though deep have been sounded- Further subsidence 
would render such channels unfathomable, and the dh* 
severed portions would then resemble Phalecdoo Mn I 
Moluque atolls, or Mahlos Mahdoo and Horsburgh atoll* 
(Plate III., Pig. 4), which are related to each other in no 
respect except in proximity and position. Hence, on flic 
theory of subsidence, the disseverment of large atolls, wllicit 
have imperfect margins (for otherwise their disseverment 
would be scarcely possible), and which are exposed H> 
• strong currents, is far from being an improbable event ; and 
the several stages, from close relation to entire isolation in 
the atolls of the Maldiva Archipelago, are readily explicate 
We might go even further, and assert as not improbable, 
that the first formation of the Maldiva Archipelago was dm 
to a barrier-reef, of nearly the same dimensions with that 
of New Caledonia (Plate III, Fig. 3), for if, in imagination, 
we complete the subsidence of that great island, we might 
anticipate from the present broken condition of the northern 
portion of the reef, and from the almost entire absence of 
reefs on the eastern coast, that the barrier-reef after repeated 
subsidences, would become during its upward growth 
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separated into distinct portions; and these portions would 
tend to assume an atoll-like structure, from the coral growing 
with vigour round their entire circumferences, when freely 
exposed to an open sea. As we have some large islands 
partly submerged with barrier-reefs marking their former 
limits, such as New Caledonia, so our theory makes it 
probable that there should be other large islands wholly 
submerged; and these, we may now infer, would be sur¬ 
mounted, not by one enormous atoll, but by several large 
elongated ones, like the atolls in the Maldiva group; 
and these again, during long periods of subsidence, would 
sometimes become dissevered into smaller atolls, I may 
add, that both in the Marshall and Caroline Archipel¬ 
agoes, there are atolls standing close together, which have 
an evident relationship in form: we may suppose, in such 
cases, either that two or more encircled islands originally 
stood close together, and afforded bases for two or more 
atolls, or that one atoll has been dissevered. From the 
position, as well as form, of three .atolls in the Caroline 
Archipelago (the Namourrek and Elato group), which 
are placed in an irregular circle, I am strongly tempted 
to believe that they have originated by the process of 
disseverment. 1 

Irregularly-formed alolls.—ln the Marshall group, Mus- 
quilio atoll consists of two loops united in one point; and 

1 The same remark is, perhaps, applicable to the islands of Ollap, 
Fanadik, and Tamatam in the Caroline Archipelago, of which charts 
are given in the atlas of I >uperrey’s voyage : a line drawn through the 
linear reefs and lagoons of these three islands forms a semicircle, 
Consult also, the albs of Lutk£’s voyage ; and for the Marshall group 
that of Kotzebue ; for the Gilbert group consult the atlas of Duperrey's 
voyage. Most of the paints here referred to may, however, he seen 
in K rusenstern f » general Atlas of the Pacific. 
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MenchicofF atoll is formed of three loops, two of which 
maybe seen in Fig. 2, Plate I.) are connected by a mer£ 
ribbon-shaped reef, and the three together are 60 miles in 
length. In the Gilbert group some of the atolls have 
narrow strips of reef, like spurs, projecting from them. 
There occur also in parts of the open sea, a few linear and 
straight reefs, standing by themselves; and likewise some 
few reefs in the form of crescents, with their extremities 
more or less curled inwards. Now, the upward growth, of a 
barrier-reef which fronted only one side of an island, or one 
side of an elongated island with its extremities (of which 
cases exist), would produce after the complete subsidence 
of the land, mere strips or crescent or hook-formed reefs: 
if the island thus partially fronted became divided during 
subsidence into two or more islands, these islands would be 
united together by linear reefs; and from the further 
growth of the coral along their shores together with sub¬ 
sidence, reefs of various forms might ultimately be produced, 
either atolls united together by linear reefs, or atolls with 
spurs projecting from them. Some, however, of the more 
simple forms above specified, might, as we have seen, be 
equally well produced by the coral perishing during sub¬ 
sidence on part of the circumference of an atoll, whilst on 
the other parts it continued to grow up till it reached the 
surface. 

The Great Chagos Bank .—I have already shown that 
the submerged condition of the Great Chagos Bank (l?late 
IV., Fig. i, with its section Fig. 2), and of some other 
banks in the Chagos group, may in all probability be 
attributed to the coral having perished before or during the 
movements of subsidence, to which this whole area by our 
theory has been subjected. The external rim or upper 
ledge (shaded ^ the chart), consist of dead coral-rock thinly 









CORAL-REEFS. 


H3 


covered with sand; it lies at an average depth, of between 
five and eight fathoms, and perfectly resembles in form the 
annular reef of an atoll. The banks of the second level, 
the boundaries of which are marked by dotted lines in the 
chart, lie from about fifteen to twenty fathoms beneath the 
surface; they are several miles broad, and terminate in a 
very steep slope round the central expanse. This central 
expanse I have already described, as consisting of a level 
muddy flat between thirty and forty fathoms deep. The 
banks of the second level, might at first sight be thought 
analogous to the internal step-like ledge of Coral-rock which 
borders the lagoons of some atolls, but their much greater 
width, and their being formed of sand, are points of 
essential difference. On the eastern side of the atoll some 
of the banks are linear and parallel, resembling islets in a 
great river, and pointed directly towards a great breach on 
the opposite side of the atoll; these are best seen in the 
large published chart I inferred from this circumstance, 
that strong currents sometimes set directly across this vast 
bank ; and I have since heard from Capt. Moresby that this 
is the case. I observed, also, that the channels or breaches 
through the rim, were all of the same depth as the central 
lagoon-like space into which they lead; whereas the 
channels into the other atolls of the Chagos group* and as I 
believe into most other large atolls, are not nearly as deep 
as their lagoons:—for instance at Peros Banhos, the 
channels are only of the same depth, namely between io 
and 20 fathoms, as the bottom of the lagoon for a space 
about a mile and a half in width round its shores, whilst the 
central expanse of the lagoon is from 35 to 40 fathoms 
deep. Now, if an atoll during a gradual subsidence once 
became entirely submerged, like the Great Chagos Bank, 
and therefore no longer exposed to the surf, very little 
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sediment could be formed from it; and consequently theI 
channels leading into the lagoon from not being filled* 
up with drifted sand and coral detritus, would continue j 
increasing in depth, as the whole sank down. In this case, j 
we might expect that the currents of the open sea, instead j 
of any longer sweeping round the submarine flanks, would 
flow directly through the breaches across the lagoon, 
removing in their course the finer sediment, and preventing 
its further accumulation. We should then have the sub¬ 
merged reef forming an external and upper rim of rock, and j 
beneath this portion of the sandy bottom of the old lagoon, 
intersected by deep-water channels or breaches, and thus 
formed into separate marginal banks; and these would be 
cut off by steep slopes, overhanging the central space, worn 
down by the passage of the oceanic currents. 

By these means, I have scarcely any doubt that the 
Great Chagos Bank has originated,-—a structure which at j 
first appeared to me far more anomalous than any I had ! 
met with. The process of formation is nearly the same j 
with that, by which Mahlos Mahdoo bad been trisected; j 
but in the Chagos Bank the channels of the oceanic 
currents entering at several different quarters, have united 
in a central space. 

This great atoll-formed bank appears to be in an early 
stage of disseverment; should the work of subsidence go 
on, from the submerged and dead condition of the whole 
reef, and the imperfection of the S.E. quarter, a mere wreck 
would probably be left. The Pitt’s Bank, situated not far 
southward, appears to be precisely in this state; it consists 
of a moderately level, oblong bank of sand, lying from io 
to 20 fathoms beneath the surface, with two sides protected 
by a narrow ledge of rock which is submerged between 5 
and 8 fathoms. A little further south, at about the same 
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distance as the southern rim of the Great Chagos Bank is 
from the northern rim, there are two other small banks with 
from 10 to 20 fathoms on them; and not far eastward 
soundings were struck on a sandy bottom, with between 
no and 145 fathoms. The northern portion with its 
ledge-like margin, closely resembles any one segment of 
the Great Chagos Bank, between two of the deep-water 
channels, and the scattered banks, southward appear to be 
the last wrecks of less perfect portions, 

I have examined with care the charts of the Indian and 
Pacific Oceans, and have now brought before the reader all 
the examples, which I have met with, of reefs differing from 
the type of the class to which they belong; and 1 think it 
has been satisfactorily shown, that they are all included in 
our theory, modified by occasional accidents which might 
have been anticipated as probable. In this course we have 
seen, that in the lapse of ages encircling barrier-reefs are 
occasionally converted into atolls,—the name of atoll being 
properly applicable, at the moment when the last pinnacle 
of encircled land sinks beneath the surface of the sea. We 
have, also, seen that large atolls during the progressive 
subsidence of the areas in which they stand, sometimes 
become dissevered into smaller ones; at other times, the 
reef-building polypifers having entirely perished, atolls are 
converted into a toll-formed banks of dead rock ; and these 
again through further subsidence and the accumulation 
of sediment modified by the force of the oceanic currents, 
pass into level banks with scarcely any distinguishing 
^character, Thus may the history of an atoll be followed 
from Its first origin, through the occasional accidents of its 
existence, tfr its destruction and final obliteration. 

• Objections to the theory of the formation of Atolls and 
Barrier~mf$. — The vast amount of subsidence, both 

i 7S 
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horizontally or in area, and vertically or in depth, necessary 
to have submerged every mountain, even the highest, 
throughout the immense spaces of ocean interspersed, with 
atolls, will probably strike most people as a formidable 
objection to my theory. But as continents, as large as the 
spaces supposed to have subsided, have been raised above 
the level of the sea,—as whole regions are now rising, 
for instance, in Scandinavia and South America,— arid as 
no reason can be assigned, why subsidences should not fciave 
occurred in some parts of the earth’s crust on as great a 
scale both in extent and amount as those of elevation, 
objections of this nature strike me as of little force. The 
remarkable point is that movements to such an extent should 
have taken place within a period, during which the poly- 
pifers have continued adding matter on and above the same 
reefs. Another and less obvious objection to the theory will 
perhaps be advanced from the circumstance, of the lagoons 
within atolls and within barrier-reefs never having become 
in any one instance during prolonged subsidences of a 
greater depth than 60 fathoms, and seldom more than 40 
fathoms; but we already admit, if the theory be worth con¬ 
sidering, that the rate of subsidence has not exceeded that 
of the upward growth of the coral on the exterior margin ; 
we are, therefore, only further required to admit, that the 
subsidence has not exceeded in rate the filling up of the 
interior spaces by the growth of the corals living there, and 
by the accumulation of sediment. As this filling up must 
take place very slowly within terrier-reefs lying far frc m the 
land, and within atolls which are of large dimensions and 
which have open lagoons with very few reefs, we are led to 
conclude that the subsidence thus counterbalanced, must 
have been slow in an extraordinary degree; a conclusion 
which accords with our only means, namely, with what is 
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known of tlie rate and manner of recent elevatory move¬ 
ments, of juulging by analogy what Is the probable rate of 

subsidence. 

In this chapter it has, I think, been shown, that the th-mrv 
of subsidence, which we were compelled to receive from !' le 

necessity of giving to the corals, in certain large areas, 
foundations at the requisite depth, explains both the normal 
structure and the less regular forms of those two great 
classes of reefs, which Have justly excited the astonishment 
of all persons who have sailed through the Pacific and 
Indian Oceans. But further to test the truth of the theory, 
a crowd of questions will occur to the reader: Do the 
different kinds of reefs, which have been produced by the 
same kind of movements generally lie within the same areas? 
What is their relation of form and position,—for instance, 
do adjoining groups of atolls, and the separate atolls in these 
groups, bear the same relation to each other which islands 
do in common archipelagoes ? Have we reason to believe, 
that where there are fringing- reefs, there has not lately been 
subsidence; or, for it is almost our only way of ascertaining 
this point, are there frequently proofs of recent elevation? 
Can we by this means account for the presence of certain 
classes of reefs in some large areas, and their entire absence 
in others ? Do the areas which have subsided, as indicated 
by the presence of atolls and barrier-reefs, and the areas 
which have remained stationary or have been upraised, as 
shown by fringing-reefs, bear any determinate relation to 
each other ; and are the dimensions of these areas such as 
harmonise with the greatness of the subterranean changes, 
which, it must be supposed, have lately taken place 
beneath them? Is there any connection between the 
movements thus indicated, and recent volcanic action? All 
these questions ought to receive answers in accordance with 
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the theory; and if this can be satisfactorily shown, not 
only is the theory confirmed, but as deductions, the answers 
are in themselves important Under this latter point of 
view, these questions will be chiefly considered in the 
following chapter. 1 

1 1 may take this opportunity of briefly considering the appearances, 
which would probably be presented by a vertical and deep section 
across a coral formation (referring chiefly to an atoll), formed by the 
upward growth of coral during successive subsidences. This is a 
subject worthy of attention, as a means of comparison with ancient 
coral-strata. The circumferential parts would consist of massive 
species, in a vertical position, with their interstices filled up with 
detritus; but this would be the part most subject to subsequent denuda¬ 
tion and removal. It is useless to speculate how large a portion of the 
exterior annular reef would consist of upright coral, and how much of 
fragmentary rock, for this would depend on many contingencies,— 
such as on the rate of subsidence, occasionally allowing a fresh growth 
of coral to cover the whole surface, and on the breakers having force 
sufficient to throw fragments over this same space. The conglomerate 
which composes the base of the islets, would (if not removed by 
denudation together with the exterior reef on which it rests) be con¬ 
spicuous from the size of the fragments,—the different degrees in which, 
they have been rounded,—the presence of fragments of conglomerate 
torn up, rounded, and recemented,—and from the oblique stratification. 
The corals which lived in the lagoon-reefs at each successive level, 
would be preserved upright, and they would consist of many kinds, 
generally much branched. In this part, however, a very large propor¬ 
tion of the rock (and in some cases nearly all of it) would be formed of 
sedimentary matter, either in an excessively fine, or in a moderately 
coarse state, and with the particles almost blended together. The 
conglomerate which was formed of rounded pieces of the branched 
corals, on the shores of the lagoon, would differ from that formed on 
the islets and derived from the outer coast; yet both might have 
accumulated very near each other. I have seen a conglomerate lime¬ 
stone from Devonshire like a conglomerate now forming on the shores 
of the Maldiva atolls. The stratification taken as a whole, would be 
horizontal; but the conglomerate beds resting on the exterior reef, and 
the beds of sandstone on the shores of the lagoon (and no doubt on the 
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external flanks) would probably be divided (as at Keeling atoll v„ i a.t 
^Mauritius) by numerous layers clipping at con*d lerable arg!:* .n 
different directions. The calcareous sandstone and coral-reck a; l 

almost necessarily contain innumerable shells, echini, and the It'&s >t 
fish, turtle, and perhaps of birds; possibly, also, the bonei of i 
saurians, as these animals find their way to the islands far remote sr n 
any continent. The large shells of some species of Tridacna w -oil ! e 
found vertically imbedded n the solid rock, in the position in which 
they lived. "We might expect also to find a mixture of the remains of 
pelagic and littoral animals in the strata formed in the lagoon, for 
pumice and the seeds of plants are floated from distant countries ini 1 ', 
the lagoons of many atolls : on the outer coast of Keeling atoll, near 
the mouth of the lagoon, the case of a pelagic Pteropoduiis ardmal wcls 
brought up on the arming of the sounding lead. All the loose block 5 
of coral on Keeling atoll were burrowed by vermiform animals; and a* 
ever y cavity, no doubt, ultimately becomes tilled with spa those lime¬ 
stone, slabs of the rock taken from a considerable depth, would, :i 
polished, probably exhibit the excavations of such burrowing animal:-. 
The conglomerate and fine-grained beds of coral -rock would 1 e 
hiard, sonorous, white and composed of nearly pure calcareous 
matter; in some few parts, judging from the specimens at Keel !r. g 
a-toll, they would probably contain a small quantity of iron. Floating 
pumice and scoriae, and occasionally stones transported in the root of 
trees (see my Journal of A 'estorches % p. 549) appear the only sources, 
through which foreign matter is brought to coral-for mat ions standing in 
the open ocean. The area over which sediment is transported from 
coral -reefs must be considerable: Capt. Moresby informs me that 
cturiog the change of monsoons the sea is discoloured to a considerabl e 
distance off the Maldiva and Chagas atolls The sediment of fringing 
and barrier coral-reefs must be mingled with the mud, which is 
brought down from the land, and is transported seaward through the 
breaches, which occur in front of almost every valley. If the atolls of 
the larger archipelagoes were upraised, the bed of the ocean being 
converted into land, they would form flat-topped mountains, varying in 
ammeter from a few miles (the smallest atolls being worn away) to 
sixty miles ; and from being horizontally stratified and of similar com¬ 
position, they would, as Mr. Lyell has remarked, falsely appear as If 
tliey had originally been united into one vast continuous mass. Such 
great strata of coral-rock would rarely be associated with erupted 
volcanic matte, for this could only take place, as may he Marred 
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from what follows in the next chapter, when the area, in which they 
were situated, commenced to rise, or at least ceased to subside. 
During the enormous period necessary to effect an elevation of the 
kind just alluded to, the surface would necessarily be denuded to a 
great thickness ; hence it is highly improbable that any fringing-reef, 
or even any barrier-reef, at least of those encircling small islands, 
would be preserved. From this same cause, the strata which were 
formed within the lagoons of atolls and lagoon-channels of barrier- 
reefs, and which must consist in a large part of sedimentary matter, 
would more often be preserved to future ages, than the exterior solid 
reef, composed of massive corals in an upright position ; although it is 
on this exterior part that the present existence and further growth of 
atolls and barrier-reefs entirely depend. 







CHAPTER YI. 


ON THE DISTRIBUTION OF CORAL-REEFS WITH 
REFERENCE TO THE THEORY OF THEIR FOR¬ 
MATION. 

Description of the coloured map. — Proxitni’y of a foils ami barrier-reefs* 
—Relation in form and position qf atolls zvith ordinary islands .— 
Direct evidence qf subsidence difficult to be detected — Proofs of 
recent elevation where fringing-reefs occur.—Oscillations of level '— 
Absence of active volcanoes in the areas of subsidence.—Immensity 
of the areas which have been elevated and have subsided. — Their 
relation to the present distribution of the lend .— Areas of sub¬ 
sidence elongated „ their intersection and alternation with those 
of elevation. — Amount 9 mid slow sale of the subsidence. — Re¬ 
capitulation. 


It will be convenient to give here a short account of the 
appended map (Plate Y.): a fuller one, with the data for 
colouring each spot, is reserved for the Appendix; and 
every place there referred to may be found in the Index, 
A larger chart would have been desirable; but, small as 
the adjoined one is, it is the result of many months' labour. 
I have consulted, as far as I was able, every original voyage 
and map; and the colours were first laid down on charts 
on a larger scale. The same blue colour, with merely a 
difference in the depth of tint, is used for atolls or lagoon- 
islands, and barrier-reefs, for we have seen, that as far as 
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the actual coral-formation is concerned, they have no dis¬ 
tinguishing character. Fringing-reefs have been coloured 
red, for between them on the one hand, and barrier-reefs 
and atolls on the other, there is an important distinction 
with respect to the depth beneath the surface, at which 
we are compelled to believe their foundations lie. The 
two distinct colours, therefore, mark two great types of 
structure. 

The dark blue colour represents atolls and submerged 
annular reefs, with deep water in their centres. I have 
coloured as atolls, a few low and small coral-islands, 
without lagoons; but this has been done only when it 
clearly appeared that they originally contained lagoons, 
since filled up with sediment: when there were not good 
grounds for this belief, they have been left uncoloured. 

The $ale blue colour represents barrier-reefs. The most 
»obvious character of reefs of this class is the broad 
and deep-water moat within the reef: but this, like the 
lagoons of small atolls, is liable to become filled up with 
detritus and with reefs of delicately branched corals : when, 
therefore, a reef round the entire circumference of an island 
extends very far into a profoundly deep sea, so that it can 
hardly be confounded with a fringing-reef which must rest 
on a foundation of rock within a small depth, it has been 
coloured pale blue, although it does not include a deep- 
water moat: but this has only been done rarely, and each 
case is distinctly mentioned in the Appendix. 

The red colour represents reefs fringing the land quite 
closely where the sea is deep, and where the bottom is 
gently inclined extending to a moderate distance from it, 
but not having a deep-water moat or lagoon-like space 
parallel to the shore. It must be remembered that fringing- 
reefs are frequently breached in front of rivers and valleys by 
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deepish channels, where mad has been deposited. A space 
of 30 miles in width has been coloured round or in front 
of the reefs of each class, In order that the colours might be 
conspicuous on the appended map, which Is reduced to so 
small a scale. 

The vermilion spots and streaks represent volcanoes 
now in action, or historically known to have been so. They 
are chiefly laid down from Von Buck’s work on the Canary 
Islands; and my reasons for making a few alterations are 

given in the note below. 1 

2 I have also made considerable use of the geological part of 

JBerghaus’ Physical Atlas . Beginning at the eastern side of the 
Pacific, I have added to the number of the volcanoes in the southern 
part of the Cordillera, and have coloured Juan Fernandez according to 
observations collected during the voyage of the Beagle ( GeoL Trams. y 
vol. v. p. 601). I have added a volcano to Albemarle Island, one of 
the Galapagos Archipelago (the author’s Journal of Researches^ p. 457). 
In the Sandwich group there are no active volcanoes, except at Hawaii; 
lout the Rev. W„ Ellis informs me, there are streams of lava apparently 
modern on Maui, having a very recent appearance, which can be traced 
to the craters whence they flowed. The same gentleman informs me, 
Omt there is no reason to believe that any active volcano exists in the 
Society Archipelago; nor are there any known in the Samoa or Navi¬ 
gator group, although some of the streams of lava and craters there 
appear recent. "In the Friendly group, the Rev. J. Williams says 
{TSfarratwe of Blissionary Enterprise, p. 29} that Toofoa and Proby 
Islands are active volcanoes. I infer from Hamilton’s Voyage in Ike 
JRcmdora (p. 95), that Proby Island is synonymous with Onouafou, 
"but I have not ventured to colour it. There can be no doubt respecting 
Toofoa, and Captain Edwards (Von Buck, p. 386) found the lava of 
recent eruption at Amargura still smoking. Berghaus marks four active 
volcanoes actually within the Friendly group; but I do not know on 
what authority: I may mention that Mauijplle describes Latte as having 
a. bnmt-up appearance: I have marked only Toofoa and Amargura. 
South of the New Hebrides lies Matthews Rock, which, is drawn and 
described as an active crater in. the Voyage of Ike Astrolabe. Between 
it, and the volcano on the eastern side of New Zealand, lies Brimstone 
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The uncoloured coasts consist, first and chiefly, of those 
where there are no coral-reefs, or such small portions as 
to be quite insignificant Secondly, of those coasts where 
there are reefs, but where the sea is very shallow, for in this 
case the reefs generally lie far from the land, and become 
very irregular, in their forms: where they have not become 
irregular, they have been coloured. Thirdly, if I had the 
means of ascertaining the fact, I should not colour a reef 
merely coating the edges of a submarine crater, or of a level 
submerged bank; for such superficial formations differ 
essentially, even when not in external appearance, from reefs 
whose foundations as well as superficies have been wholly 
formed by the growth of coral. Fourthly, in the Red 

Island, which from the high temperature of the water in the crater, may 
be ranked as active (Berghaus, Vorbemerk, II Lief. S. 56). Malte 
Bran, vol. xii. p. 231, says that there is a volcano near port St. Vincent 
in New Caledonia. I believe this to be an error, arising from a smoke 
seen on the opposite coast by Cook {2nd Voyage, vol. ii. p. 23), which 
smoke went out at night. The Mariana Islands, especially the northern 
ones, contain many craters (see Freycinet’s Hydrog. Descript, ) which are 
not active. Von Buch, however, states (p. 462) on the authority of La 
Peyrouse, that there are no less than seven volcanoes between these 
islands and Japan. Gemelli Careri (Churchill’s Collect., vol. iv. p. 458) 
says there are two active volcanoes in lat. 23 0 30', and in lat. 24 0 r but 
I have not coloured them. From the statements in Beechey’s Voyage 
(p. 518, 4to ed.), I have coloured one in the northern part of the Bonin 
group. M. S. Julien has clearly made out from Chinese manuscripts' 
not very ancient {Comptes Rendus, 1840, p. 832), that there are two 
active volcanoes on the eastern side of Formosa. In Torres Straits, on 
Cap Island (9* 48' S , 142 0 39' E.) a volcano was seen burning with 
great violence in 1793 % Capt Bampton (see Introduction to Flinders’ 
Voyage, p. 41). Mr. M‘Clel land {Report of Committee for investigating 
Coal in India, p. 39) has shown that the volcanic band passing through 
Barren Island must be extended northwards. It appears by an old 
chart, that Cheduba was once an active volcano (see also Szlli~ 
igan's North American Journal , vol. xxxviii. p. 385). In Berghaus* 
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Sea, and within some parts of the East Indian Archipelago 
(if the imperfect charts of the latter can be trusted), there 

are many scattered reefs, of small size, represented in the 
chart by mere dots, which rise out of deep water : these 
cannot be arranged under either of the three classes: in 
the Red Sea, however, some of these little reefs, from their 
position, seem once to have formed parts of a continuous 
barrier. There exist, also, scattered in the open ocean, 
some linear and irregularly formed strips of coral-reef, 
which, as shown in the last chapter, are probably allied in 
their origin to atolls; but as they do not belong to that 
class, they have not been coloured; they are very few in 
number and of insignificant dimensions. Lastly, some 
reefs are left uncoloured from the want of information 
respecting them, and some because they are of an inter¬ 
mediate structure between the barrier and fringing classes. 
The value of the map is lessened, in proportion to the 
number of reefs which I have been obliged to leave 
uncoloured, although, in a theoretical point of view, few 
of them present any great difficulty : but their number 
is not very great, as will be found by comparing the map 
with the statements in the Appendix. I have experienced 

ITiys. Alias, 1840, No. 7 of Geological Part, a volcano on the 
coast of Pondicherry is said to have hurst forth in 1757. Or din 
aire {Hist. Mat. des Volcans, p. 218) says that there is one at 
the mouth of the Persian Gulf, hut I have not coloured it, as 
he gives no particulars. A volcano in Amsterdam, or St, Paul’s, 
In the southern part of the Indian Ocean, has been seen [Naut. Mag., 
1838, p. 842) in action. Dr. J. Allan, of Forres, informs me in a 
letter, that when he was at Joanna, he saw at night flames apparently 
volcanic, issuing from the chief Comoro Island, and that the Arabs 
assured him that they were volcanic, adding that the volcano burned 
more during the wet season. I have marked this as a volcano, though 
with some hesitation, on account of the possibility of the flame arising 
from gaseous sources. 
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more difficulty in colouring fringing-reefs than in colouring 
barrier-reefs, as the former, from their much less dimensions, 
have less attracted the attention of navigators. As I have 
had to seek my information from all kinds of sources, and 
often from indirect ones, I do not venture to hope that 
the map is free from many errors. Nevertheless, I trust 
it will give an approximately correct view of the general 
distribution of the coral-reefs over the whole world (with 
the exception of some fringing-reefs on the coast of Brazil, 
not included within the limits of the map), and of their 
arrangement into the three great classes, which, though 
necessarily very imperfect from the nature of the objects 
classified, have been adopted by most voyagers. I may 
further remark, that the dark blue colour represents land 
entirely composed of coral-rock; the pale blue, land with a 
wide and thick border of coral-rock; and the red, a mere 
narrow fringe of coral-rock. 

Looking now at the map under the theoretical point of 
view indicated in the last chapter, the two blue tints signify 
that the foundations of the reefs thus coloured have subsided 
to a considerable amount, at a slower rate than that of the 
upward growth of the corals, and that probably in many cases 
they are still subsiding. The red signifies that the shores 
which support fringing-reefs have not subsided (at least to 
any considerable amount, for the effects of a subsidence on 
a small scale would in no case be distinguishable); but that 
they have remained nearly stationary since the period when 
they first became fringed by reefs; or that they are now 
rising or have been upraised, with new lines of reefs suc¬ 
cessively formed on them: these latter alternatives are 
obviously implied, as newly formed lines of shore, after 
elevations of the land, would be in the same state with 
respect to the growth of fringing-reefs, as stationary coasts. 
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If during the prolonged subsidence of a shore, coral-reefs 
grew for the first time on it, or if an old barrier-reef were 
destroyed and submerged, and new reefs became attached 
to the land, these would necessarily at first belong to the 
fringing class, and, therefore, be coloured red, although the 
coast was sinking; but I have no reason to believe, that 
from this source of error, any coast has been coloured 
wrongly with respect to movement indicated. Well charac¬ 
terised atolls and encircling barrier-reefs, where several 
occur in a group, or a single barrier-reef if of large 
dimensions, leave scarcely any doubt on the mind respect¬ 
ing the movement by which they have been produced; 
and even a small amount of subsequent elevation is soon 
betrayed The evidence from a single atoll or a single 
encircling barrier-reef, must be received with some caution, 
for the former may possibly be based upon a submerged 
crater or bank, and the latter on a submerged margin of 
sediment, or of worn-down rock. Prom these remarks we 
may with greater certainty infer that the spaces, especially 
the larger ones, tinted blue in the map, have subsided, 
than that the red spaces have remained stationary, or have 
been upraised. 

On the grouping- of the different c lasses of reefs .—Having 
made these preliminary remarks, I will consider first how 
far the grouping of the different kinds of coral-islands and 
reefs is corroborative of the truth of the theory. A glance 
at the map shows that the reefs, coloured blue and red, 
produced under widely different conditions, are not indis¬ 
criminately mixed together. Atolls and barrier-reefs, on 
the other hand, as may be seen by the two blue tints, 
generally lie near each other ; and this would be the natural 
result of both having been produced during the subsidence 
of the areas in which they stand. Thus, the largest group 
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of encircled islands is that of the Society Archipelago; and 
these islands are surrounded by atolls, and only separated 
by a narrow space from the large group of Low atolls. 
In the midst of the Caroline atolls, there are three fine 
encircled islands. The northern point of the barrier-reef of 
New Caledonia seems itself, as before remarked, to form a 
complete large atoll. The great Australian barrier is de¬ 
scribed as including both atolls and small encircled islands. 
Capt. King 1 mentions many atoll-formed and encircling 
coral-reefs, some of which lie within the barrier, and others 
may be said (for instance between lat. 16 0 and 13 0 ) to form 
part of it. Flinders 2 has described an atoll-formed reef in 
lat. io°, seven miles long and from one to three broad, 
resembling a boot in shape, with apparently very deep water 
within. Eight miles westward of this, and forming part of 
the barrier, lie the Murray Islands, which are high and are 
encircled. In the Corallian Sea, between the two great 
barriers of Australia and New Caledonia, there are many- 
low islets and coral-reefs, some of which are annular, or 
horse-shoe shaped. Observing the smallness of the scale 
of the map, the parallels of latitude being 900 miles apart, 
we see that none of the large groups of reefs and islands 
supposed to have been produced by long-continued sub¬ 
sidence, lie near extensive lines of coast coloured red, 
which are supposed to have remained stationary since the 
growth of their reefs, or to have been upraised and new 
lines of reefs formed on them. Where the red and blue 
circles do occur near each other, I am able, in several 
instances, to show that there have been oscillations of level, 
subsidence having preceded the elevation of the red spots ; 

1 Sailing Directions, appended to vol. ii. of his Surveying Voyage to 
Australia. 

* Voyage to Terra Australis t vol. ii. p. 336. 
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and elevation having preceded the subsidence of the blue 
spots : and in this case the juxtaposition of reefs belonging 
to the two great types of structure is little surprising. We 
may, therefore, conclude that the proximity in the same 
areas of the two classes of reefs, which owe their origin to 
the subsidence of the earth’s crust, and their separation 
from those formed during its stationary or uprising con¬ 
dition, holds good to the full extent, which might have 
been anticipated by our theory. 

As groups of atolls have originated in the upward growth, 
at each fresh sinking of the land, of those reefs which 
primarily fringed the shores of one great island, or of 
several smaller ones; so we might expect that these rings 
of coral-rock, like so many rude outline charts, will still 
retain some traces of the general form, or at least general 
range, of the land, round which they were first modelled. 
That this is the case with the atolls in the Southern Pacific 
as far as their range is concerned, seems highly probable, 
when we observe that the three principal groups are directed 
in N.W. and S.E. lines, and that nearly all the land in the 
S. Pacific ranges in this same direction; namely, N. Western 
Australia, New Caledonia, the northern half of New Zea¬ 
land, the New Hebrides, Saloman, Navigator, Society, 
Marquesas, and Austral archipelagoes : in the Northern 
Pacific, the Caroline atolls abut against the N.W. line of 
the Marshall atolls, much in the same manner as the 
E. and W. line of islands from Ceram to New Britain do 
on New Ireland: in the Indian Ocean the Laccadive and 
Maldiva atolls extend nearly parallel to the western and 
mountainous coast of India. In most respects, there is a 
perfect resemblance with ordinary islands in the grouping 
of atolls and in their form: thus the outline of all the 
larger groups is elongated; and the greater number of the 
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individual atolls are elongated in the same direction* with 
the group, in which they stand. The Chagos group is less 
elongated than is usual with other groups, and the individual 
atolls in it are likewise but little elongated; this is strikingly 
seen by comparing them with the neighbouring. Maldiva 
atolls. In the Marshall and Maldiva archipelagoes, the 
atolls are ranged in two parallel lines, like the mountains in 
a great double mountain-chain. Some of the atolls, in the 
larger archipelagoes, stand so near to each other, and have 
such an evident relationship in form, that they compose;, 
little sub-groups: in the Caroline Archipelago, one such 
sub-group consists of Pouynipbte, a lofty island encircled by 
a barrier-reef, and separated by a channel only four miles and 
a half wide from Andeema atoll, with a second atoll *a little 
further off. In all these respects an examination of a series 
of charts will show how perfectly groups of atolls resemble 
groups of common islands. 

On the direct evidence of the blue spaces in the map having 
subsided during the upward growth of the reefs so coloured^ 
and of the red spaces having remained stationary , or having 
been upraised.T—W\t\i respect to subsidence, I have shown 
in the last chapter, that we cannot expect to obtain in 
countries inhabited only by semi-civilised races, demon¬ 
strative proofs of a movement, which invariably tends to 
conceal its own evidence. But on the coral-islands 
supposed to have been produced by subsidence, we have 
proofs of changes in their external appearance—of a round 
of decay and renovation—of the last vestiges of land on 
some—of its first commencement on others: we hear of 
storms desolating them to the astonishment of their 
inhabitants: we know by the great fissures with which 
some of them are traversed, and by the earthquakes felt 
under others, that subterranean disturbances of some kind 
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are in progress. These facts, if not directly connected with 
subsidence, as 1 believe they are, at least show how difficult 
it would be to discover proofs of such movement by 
ordinary means. At Keeling atoll, however, I have 
described some appearances, which seem directly to show 
that subsidence did take place there during the late earth¬ 
quakes. Yanikoro, according to the Chevalier Dillon, 1 is 
often violently shaken by earthquakes, and there, the 
unusual depth of the channel between the shore and the 
reef,—the almost entire absence of islets on the reef,—its 
wall-like structure on the inner side, and the small quantity 
of low alluvial land at the foot of the mountains, all seem 
to show that this island has not remained long at its present 
level, with the lagoon-channel subjected to the accumula¬ 
tion of sediment, and the reef to the wear and tear of the 

1 See Capt. Dillon's Voyage in search of La JPeyrouse. H. Cordier, 
in his Report on ike Voyage of the Astrolabe (p. cxi. voL i.), speaking 
of Vanikoro, says the shores are surrounded by reefs of madrepore, 
* 1 qu*m assure etre de formation tout-a fait modemeS I have in vain 
endeavoured to learn some further particulars about this remarkable 
passage. I may here add, that according to our theory, the island 
of Pouynip&e (Plate I., Fig. 3), in the Caroline Archipelago, being 
encircled by a barrier-reef, must have subsided. In the New S. Wales 
Idi. Advert., Feb. 1835 (which I have seen through the favour of Dr. 
lioghtsky), there is an account of this island (subsequently confirmed 
hy Mr. Campbell), in which it is said, “At the N.E. end, at a place 
called Tamen, there are ruins of a town, now only accessible by boats, 
the waves reaching to the steps of Ike houses” Judging from this 
passage, one would be tempted to conclude that the island must have 
subsided, since these houses were built. I may, also, here append a 
statement in Malte Brun (vol. ix. p. 775, given without any authority), 
that the sea gains in an extraordinary manner on the coast of Cochin 
China, which lies in front and near the subsiding coral-reefs in the 
China' Sea: as the coast is granitic, and not alluvial, it is scarcely 
possible that the encroachment of the sea can be owing to the washing 
away of the land ; and if so, it must be due to subsidence. 
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breakers. At the Society Archipelago, on the other hand, 
where a slight tremor is only rarely felt, the shoaliness of the 
lagoon-channels round some of the islands, the number of 
islets formed on the reefs of others, and the broad, belt of 
low land at the foot of the mountains, indicate that, 
although there must have been great subsidence to have 
produced the barrier-reefs, there has since elapsed a long 
stationary period. 1 

1 Mr. Couthouy states (Remarks, p. 44) that at Tahiti and Eimeo 
the space between the reef and the shore has been nearly filled up by 
the extension of those coral-reefs, which within most barrier-reefs 
merely fringe the land. From this circumstance, he arrives at the 
! same conclusion as I have done, that the Society Islands since their 

i subsidence, have remained stationary during a long period 5 "but he 

further believes that they have recently commenced rising, as well'as 
the whole area of the Low Archipelago. He does not give any 
detailed proofs regarding the elevation of the Society Islands, but I 
shall refer to this subject in another part of this chapter. Before 
making some further comments, I may observe how satisfactory it is to 
me, to find Mr. Couthouy affirming, that “having personally examined 
a large number of coral-islands, and also residing eight months among 
the volcanic class, having shore and partially encircling reefs, I may 
be permitted to state that my own observations have impressed a 
conviction of the correctness of the theory of Mr. Darwin.” 

This gentleman believes, that subsequently to the subsidence by 
which the atolls in the Low Archipelago were produced, the whole 
area has been elevated to the amount of a few feet ; this would indeed 
be a remarkable fact; but as far as I am able to judge, the grounds of 
i his conclusion are not sufficiently strong. He states that he found in 

almost every atoll which he visited, the shores of the lagoon raised. 
from eighteen, to thirty inches above the sea-level, and containing 
imbedded Tridacnse and corals standing as they grew; some of the 
corals were- dead in their upper parts, but below a certain line they 

* continued to flourish. In the lagoons, also, he frequently met with 

i 1 clusters of Madrepore, with their extremities standing from one inch to 

* > fc foot above the surface of the water. Now, these appearances are 

exactly what I should have expected, without any subsequent elevation 
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Turning now to the red colour; as on our map, the areas 
which have sunk slowly downwards to great depths are 
many and large, we might naturally have been led to con¬ 
jecture, that with such great changes of level in progress, the 
coasts which have been fringed probably forages (for we have 
no reason to believe that coral-reefs are of short duration), 

having taken place ; and I think Mr. Couthouy has not borne in mind 
the indisputable fact, that corals, when constantly bathed by the surf, 
can exist at a higher level than in quite tranquil water, as in a lagoon. 
As long, therefore, as the waves continued at low water to break 
entirely over parts of the annularreef of an atoll, submerged to a small 
depth, the corals and shells attached on these parts might continue 
living at a level above the smooth surface of the lagoon, into which the 
waves rolled; but as soon as the outer edge of the reef grew up to its 
utmost possible height, or if the reef were very broad nearly to that 
height, the force of the breakers would be checked, and the corals and 
shells on the inner parts near the lagoon would occasionally be left 
dry, and thus be partially or wholly destroyed. Even in atolls, which 
have not lately subsided, if the outer margin of the reef continued to 
increase in breadth seaward (each fresh zone of corals rising to 
the same vertical height as at Keeling atoll), the line where the 
waves broke most heavily would advance outwards, and therefore 
the corals, which when living near the margin, were washed by 
the breaking waves during the whole of each tide, would cease being 
so, and would therefore be left on the backward part of the reef stand¬ 
ing exposed and dead. The case of the madrepores in the lagoons 
with the tops of their branches exposed, seems to he an analogous fact, 
to the great fields of dead hut upright corals in the lagoon of Keeling 
atoll;—-a condition of things which I have endeavoured to show, has 
resulted from the lagoon having become more and more enclosed and 
choked up with reefs, so that during high winds, the rising of the tide 
(asobserved by the inhabitants) is checked, and the corals, which had 
formerly grown to the greatest possible height, are occasionally exposed, 
and thus are killed : and this is a condition of things, towards which 
almost every atoll in the intervals of its subsidence must he tending. 
Or if we look to the state of an atoll directly after a subsidence of some 
fathoms, the waves would roll heavily over the entire circumference of 
the reef, and the surface of the lagoon would, like the ocean, never be 
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would not have remained all this time stationary, but would 
frequently have undergone movements of elevation. This 
supposition, we shall immediately see, holds good to a 
remarkable extent; and although a stationary condition 
of the land can hardly ever be open to proof, from the 

quite at rest, and therefore the corals in the lagoon, from being con¬ 
stantly laved by the rippling water, might extend their branches to 
a little greater height than they could, when the lagoon became enclosed 
and protected. Christmas atoll (2 0 N. Iat.), which has a very shallow 
lagoon, and differs in several respects from most atolls, possibly may 
have been elevated recently; but its highest part appears (Cotsthowy, 
p. 46) to be only ten feet above the sea-level. The facts of a second 
class, adduced by Mr. Couthouy, in support of the alleged recent 
elevation of the Low Archipelago, are not all (especially those refer¬ 
ring to a shelf of rock) quite intelligible to me; he believes that certain 
enormous fragments of rock on the reef, must have been moved into 
their present position, when the reef was at a lower level; but here 
again the force of the breakers on any inner point of the reef losing 
diminished by its outward growth without any change in Its level, Iran 
not, I think, been borne in mind: We should, also, not overlook the 
occasional agency of waves caused by earthquakes and hurricane*. Mr. 
Couthouy further argues, that since these great fragments were deposited 
and fixed on the reef, they have been elevated; he infers this from the 
greatest amount of erosion not being near their bases, where they are 
unceasingly washed by the reflux of the tides, but at some height on 
their sides, near the line of high-water mark, as shown in an accompany* 
ing diagram. My former remark again applies here, with this further 
observation, that as the waves have to roll over a wide space of reef 
before they reach the fragments, their force must be greatly Increased 
with the increasing depth of water as the tide rises, and therefore 1 
should have expected that the chief line of present erosion would ttgtvit 
coincided with the line of high-water mark ; and if the reef had grown 
outwards, that there would have been lines of erosion at greater 
heights, the conclusion, to which I am finally led by the interesting 
observations of Mr. Couthouy is, that the atolls in the Low Archipelago 
have, like the Society Islands, remained at a stationary level for a long 
period: and this probably is the ordinary course of events, subsidence 
supervening after long intervals of rest. 
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evidence being only negative, we are, in some degree, 
enabled to ascertain the correctness of the parts coloured 
red on the map, by the direct testimony of upraised organic 
remains of a modern date. Before going into the details 
on this head (printed in small type), I may mention, that 
when reading a memoir on coral formations by MM. Quoy 
and Gaimard 1 I was astonished to find, for I knew that 
they had crossed both the Pacific and Indian Oceans, that 
their descriptions were applicable only to reefs of the fringing 
class; but my astonishment ended satisfactorily, when I 
discovered that, by a strange chance, all the islands which 
these eminent naturalists had visited, though several in 
number,—namely, the Mauritius, Timor, New Guinea, the 
Mariana, and Sandwich Archipelagoes, could be shown by 
their own statements to have been elevated within a recent 
geological era. 

In the eastern half of the Pacific, the Sandwich Islands are 
all fringed, and almost every naturalist who has visited them, 
has remarked on the abundance of elevated corals and shells, 
apparently identical with living species. The Rev* W. Ellis 
informs me, that he has noticed round several parts of Hawaii, 
beds of coral-detritus, about twenty feet above the level of 
the sea, and where the coast is low they extend far inland. 
Upraised coral-rock forms a considerable part of the borders of 
Oahu; and at Elizabeth Island 3 it composes three strata, each 
about ten feet thick. Nihau, which forms the northern, as 
Hawaii does the southern end of the group (350 miles in 
length), likewise seems to consist of coral and volcanic rocks. 
Mr. Couthouy 8 has lately described with interesting details, 
several upraised beaches, ancient reefs with their surfaces 

1 Annates des Sciences ZVat., tom. vi. p. 279, etc. 

* Zoology of CapU Beecheys Voyage , p. 176. See also MM. Quoy 
and Gaimard In Annates des Scien. Nat., tom. vi. 

8 Remarks on Coral Forznation t p. 51. 
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perfectly preserved, and beds of recent shells and corals, at ih« 
islands of Maui, Morokai, Oahu, and Tauai (or Kauai) in l hi* 
group. Mr. Pierce, an intelligent resident at Oahu, is con¬ 
vinced, from changes which have taken place within hi* 
memory, during the last sixteen years, “ that the elevation is at 
present going forward at a very perceptible rate.” The natives 
at Kauai state that the land is there gaining rapidly on the se*i 
and Mr. Couthouy has no doubt, from the nature of the strata, 
that this has been effected by an elevation of the land. 

In the southern part of the Low Archipelago, Elizabeth 
Island is described by Capt, Beechey,* as being quite fiat, and 
about eighty feet in height j it is entirely composed of detd 
corals, forming a honeycombed, but compact rock. In easel 
like this, of an island having exactly the appearance, which the 
elevation of any one of the smaller surrounding atolls wltti it 
shallow lagoon would present, one is led to conclude (with little 
better reason, however, than the improbability of such small 
and low fabrics lasting, for an immense period, exposed to the 
many destroying agents of nature), that the elevation has taken 
place at an epoch not geologically remote. When merely the 
surface of an island of ordinary formation is strewed with marine 
bodies, and that continuously, or nearly so, from the beach 
to a certain height, and not above that height, it Is exceedingly 
improbable that such organic remains, although they may not 
have been specially examined, should belong to any ancient 
period. It is necessary to bear these remarks in mind, in 
considering the evidence of the elevatory movements in ill# 
Pacific and Indian Oceans, as it does not often rest on specific 
determinations, and therefore should be received with caution* 
Six of the Cock and Austral Mmds (S.W. of the Society 
group) are fringed ; of these, five were described to me by the 
Rev. J. Williams, as formed of coral-rock, associated with sorm# 
basalt in Mangaia), and the sixth as lofty and basaltic* 
Mangaia is nearly three hundred feet high, with a level summit f 
and according to Mr. S. Wilson 1 it is am upraised reef j t€ and 

1 Beechey’s Voyage in the Faei/iC) p. 46, 410 ech 

2 Couthotty’s M, 0 marks % p. 34. 
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there are in the central hollow, formerly the bed of the lagoon, 
many scattered patches of coral-rock, some of them raised to a 
height of forty feet.” These knolls of coral-rock were evidently 
once separate reefs in the lagoon of an atoll. Mr. Martens, at 
Sydney, informed me that this island is surrounded by a 
terrace-like plain at about the height of a hundred feet, which 
probably marks a pause in its elevation. From these facts we 
may infer, perhaps, that the Cook and Austral Islands have 
been upheaved at a period probably not very remote. 

Savage Island (S.E. of the Friendly group) is about forty 
feet in height Forster 1 describes the plants as already grow¬ 
ing out of the dead, but still upright and spreading trees of 
coral; and the younger Forster a believes that an ancient 
lagoon is now represented by a central plain ; here we cannot 
doubt that the elevatory forces have recently acted. The 
same conclusion may be extended, though with somewhat less 
certainty, to the islands of the Friendly Group , which have 
been well described in the second and third voyages of Cook. 
The surface of Tongatabou is low and level, but with some 
parts a hundred feet high; the whole consists of coral-rock, 
u which yet shows the cavities and irregularities worn into it 
by the action of the tides.” 3 On Eoua the same appearances 
were noticed at an elevation of between 200 and 300 feet. 
Vavao, also, at the opposite or northern end of the group, 
consists, according to the Rev. J. Williams, of coral-rock. 
Tongatabou, with its northern extensive reefs, resembles either 
an upraised atoll with one half originally imperfect, or one 
unequally elevated; and Anamouka, an atoll equally elevated. 
This latter island contains 4 in its centre a salt-water lake, about 
a mile and a half in diameter, without any communication with 
the sea, and around it the land rises gradually like a bank; the 
highest part is only between twenty and thirty feet; but on 
this part, as well as on the rest of the land (which, as Cook 

1 Observations made during Voyage round the World, p. 147. 

2 Voyage, vol. ii. p. 163. 

z Cook’s Third Voyage (410 edition), vol. L p. 314. 

4 Ibid , vol. i. p, 235. 
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observes, rises above the height of true lagoon-islands), coral* 
rock, like that on the beach, was found. In the Nmny* ester 
Archipelago , Mr. Couthouy 1 found on Manila many and vet'f 
large fragments of coral at the height of eighty feet, 44 **** 
steep hill-side, rising half a mile inland from a low sandy f'lliMtS 
abounding in marine remains.” The fragments were ent** 
bedded in a mixture of decomposed lava and sand. It is £if4 
stated whether they were accompanied by shells, or wh«s*H*r 
the corals resembled recent species ; as these remains wmtw 
embedded they possibly may belong to a remote epoch ; I 
presume this was not the opinion of Mr, Couthouy. Eatfti* 
quakes are very frequent in this archipelago. 

Still proceeding westward we come to the New Hebrides / 
these islands, Mr. G. Bennett (author of Wanderings in d\ f ew 
South Wales) informs me he found much coral at a gr^at 
altitude, which he considered of recent origin. Respecting 
Santa Cruz and the Salomon Archipelago, I have no ittfbf* 
matron; but at New Ireland, which forms the northern point ©f 
the latter chain, both Labillardifcre and Lesson have described 
large beds of an apparently very modern madreporitic 
with the form of the corals little altered. The latter author* 
states that this formation composes a newer line of €««»♦% 
modelled round an ancient one. There only remains to b* 
described in the Pacific, that curved line of fringed islartdl% 
of which the Marianas form the main part. Of these Qumst% 
Rota, Tiniam, Saypan, and some islets farther north, mm 
described by Quoy and Gaimard/ and Cliamisso, 4 as chiefly 
composed of madreporitic limestone, which attains a consider* 
able elevation, and is in several cases worn into successively 
rising cliffs : the two former naturalists seem to have computed 
the corals and shells with the existing ones, and state that tlt«f 
are of recent species, Fais, which lies in the prolonged l itm 

1 Remarks on Coral-Formations, p. 50* 

3 Voyage do la Coquille, Part. Zoolog, 

8 Freycinet's Voyage autour du Monde, See also the Ifydrsgreqfkkdemi 
Memoir, p. 215. 

4 Koteebtie’s First Voyage, 
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of the Marianas, is the only island in this part of the sea which 
is fringed; it is ninety feet high, and consists entirely of 
madreporitic rock. 1 

In the East Indian Archipelago, many authors have recorded 
proofs of recent elevation. M. Lesson 2 states, that near Port 
Dory, on the north coast of New Guinea, the shores are flanked, 
to the height of 150 feet, by madreporitic strata of modern date. 
He mentions similar formations at Waigiou, Amboina, Bourou, 
Ceram, Sonda, and Timor : at this latter place, MM. Quoy and 
Gaimard 3 4 have likewise described the primitive rocks, as coated 
to a considerable height with coral. Some small islets east¬ 
ward of Timor are said in KolfPs Voyage* to resemble small 
coral islets upraised some feet above the sea. Dr. Malcolm son 
informs me that Dr. Hardie found in Java an extensive for¬ 
mation, containing an abundance of shells, of which the greater 
part appear to be of existing species. Dr. Jack 5 has described 
some upraised shells and corals, apparently recent, on Pulo 
Nias off Sumatra; and Marsden relates in his history of this 
great island, that the names of many promontories show that 
they were originally islands. On part of the west coast of 
Borneo and at the Sooloo Islands , the form of the land, the nature 
of the soil, and the water-washed rocks, present appearances 6 * 8 

1 Lutkd's Voyage,, vol. ii. p. 304. 

2 Partie Zoolog., Voyage de la Coquille . 

8 Ann . des Scien. Nat., tom. vi. p. 281. 

4 Translated by Windsor Earl, chaps, vi., vii. 

5 Geolog . Transact ., 2nd series, vol. i. p. 403. On the Peninsula of 

Malacca, in front of Pinang, 5 0 30' N., Dr. Ward collected some shells, 

which Dr. Malcolmson informs me, although not compared with 
existing species, had a recent appearance. Dr. Ward describes in this 
neighbourhood (Tram, Asiat. Soc, t vol. xviii., part ii., p. 166) a single 
water-worn rock, with a conglomerate of sea-shells at its base, situated 
six miles inland, which, according to the traditions of the natives, was 
once surrounded by the sea. Capt. Low has also described (ibid,, part 
i., p. 131) mounds of shells lying two miles inland on this line of coast. 

8 Notices of the East Indian Arch., Singapore, 1828, p. 6, and 
Append., p. 43. 
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(although it is doubtful whether Midi vagm* tihlnae h worthy 
of mention) of having 1 firmly hrr u ‘ *»♦',»*! by die pm; ami 
the inhabitants oi tL«* hnrdoo 1 4m d bdr’i*’ * \ it tin hit 
been the case. Mr. Cuming, who b t > \ u *•/ n*vrv. ,Mtrd. urh 
so much success, the nattnal hi Jciiy «4 %>r Pr'.iffar , bmtJ 
near Cabagan, in Luzon, about fifty kct.alMvr tie b v«d n( tint 
R, Cagayan, and seventy miles from it» mmsib, a Urge bed of 
fossil shells; these, lie informs iw% me <4 llif vime miih 

those now existing on the iduwM of tl** neighbouring hlamift* 
From the accounts given m by dipt. Ibttil Hall ntnl €;ipt 
Reechey 1 of the lines of inland m*b f and walls of mmbmrk 
worn into caves, above the prewnt r* ar <* «f the wave*, at the 
Loo Choo Islands, tluue < an be little doubt that they have been 
upraised at no very remote period. 

Dr, Davey 9 deiatbti the nor 1 hr 1 it piuvinrc of Vtfhm m 
being very low, and con dating of a Utm tone with iiielb and 
corals of very recent origin 5 lit* aildh, that it do**** not admit i#f 
a doubt that the sea has retired from thin even within 

the memory of mam 1 here is aHo mm& triMn Un Iiciktitig 
that the western shores of India, north of Ceylon, have been 
upraised within the recent period, 1 M>mniiui hai cerUmiy 
been upraised within the recent period, m I have stated \n the 

1 Cap!. Ih Half, Fma^i to Chmt % Append*, pp, a at, %w\ mt* 
Capt, Beechey*» lbpt;ie $ p, *ff|4 

% Tramts in Cty 'w/, p, t;|, This formation a mm* 

tinned by M. Omlkt in ha te\mi to flit In^tilife (May |fli* ll|f) f m 
the voyage of the Chtmrtte t m mit of imntrnw fulfil, and t*l*mgifig to 
the latest tertiary period* 

8 Dr, Bensa, in hi* fmrwy through (At M Cut ton (ihe MMm fM 
md Seimt, Joum,, vo l f.|» ha* described a formation with if ceil 
water surd marine shells, occtirrUtg at flit dhtauce of three m font mulm 
from the present shore. Dr. Berua, in eon venation with me, aUrtotd 
their position to a rise of the land. Hr* Matcohowo, however (m4 
there cannot be a higher authority m the geology of India), inform* 
me that he suspect* that thewt lied* may hav« been fanned by the mm 
action of the waves and current* accumulating sediment, From analogy 
I should much incline to Dr. Be»tt # s opinion* 
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chapter on fringing-reefs. The northern extremity of Mada¬ 
gascar is described by Capt. Owen 1 as formed of madreporitic 
rock, as likewise are the shores and outlying islands along an 
immense space of Eastern Africa , from a little north of the 
equator for 900 miles southward. Nothing can be more vague 
than the expression “madreporitic rock”; but at the same time 
it is, I think, scarcely possible to look at the chart of the linear 
islets, which rise to a greater height than can be accounted for 
by the growth of coral, in front of the coast, from the equator 
to 2 # S., without feeling convinced that a line of fringing-reefs 
has been elevated at a period so recent, that no great changes 
have since taken place on the surface of this part of the globe. 
Some, also, of the higher islands of madreporitic rock on this 
coast, for instance Pemba, have very singular forms, which 
seem to show the combined effect of the growth of coral round 
submerged banks, and their subsequent upheaval. Dr. Allaft 
informs me that he never observed any elevated organic remains 
on the Seychelles , which come under our fringed class. 

The nature of the formations round the shores of the Red 
Sea , as described by several authors, shows that the whole of 
this large area has been elevated within a very recent tertiary 
epoch. A part of this space in the appended map is coloured 
blue, indicating the presence of barrier-reefs; on which circum¬ 
stance I shall presently make some remarks. Riippell 2 states 
that the tertiary formation, of which he has examined the organic 
remains, forms a fringe along the shores with a uniform height 
of from 30 and 40 feet from the mouth of the Gulf of Suez to 
about Lat. 26°; but that south of 26*, the beds attain only the 
height of from 12 to 15 feet This, however, can hardly be quite 
accurate; although possibly there may be a decrease in the 
elevation of the shores in the middle parts of the Red Sea, for 

1 Owen’s Africa^ vol. ii. p. 37, for Madagascar; and for S. Africa, 
vol* i. pp. 412 and 426. Lieutenant Boteler’s narrative contains fuller 
particulars regarding the coral-rock, voL i. p. 174, and vol. ii. pp. 43 
and 54. See also Ruschenberger’s Voyage round the World\ vol. L 
p. 60. 

a REppell, Rtise in A&yssiwm, Band. L & 141. 
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Dr. Malcolmson (as he informs me) collected from the cliffs of 
Camaran Island (Lat 15* 30' S.) shells and corals, apparently 
recent, at a height between 30 and 40 feet; and Mr. S»ilt 
(, Travels in Abyssinia ) describes a similar formation a little 
southward on the opposite shore at Amphikt Moreover, iftaf 
the mouth of the Gulf of Suez, although on the coast appmm 
to that on which Dr. Riippeil says that the modern beds nttaiii 
a height of only 30 to 40 feet, Mr. Burton 1 * 3 found a deposit 
replete with existing species of shells, at the height of 200 feet 
In an admirable series of drawings by Capb Moresby, 1 could 
see how continuously the cliff-bounded low plains of thh forma* 
tion extended with a nearly equable height, both on the eastern 
and western shores. The southern coast of Arabia seems to 
have been subjected to the same elevatory movement, for Dr* 
Malcolmson found at Sahar low cliffs containing shells and 
cbrals, apparently of recent species. 

The Persian Gulf abounds with coral-reefs j but &• it it 
difficult to distinguish* them from sand-banks in this shallow 
sea, I have coloured only some near the mouth ; toward* the 
head of the gulf Mr. Ainsworth 1 says that the land is worn into 
terraces, and that the beds contain organic remain* of existing 
forms. The West Indian Archipelago of ‘fringed* Island*, 
alone remains to be mentioned; evidence of an elevation within 
a late tertiary epoch of nearly the whole of this great area, may 
be found in the works of almost ail the naturalists who hat# 
visited it. I will give some of the principal references in a 
note. 

1 Lyell’s Principles of Geology, 5th edition, voL If. p» 2$* 

3 Ainsworth’s Assyria and Babylon, p. 217. 

3 On Florida and the north shores of the Gulf of Mexico, logtfi 1 
Report to BrU ; Assoc*, roL El. p. 14*—On the shores of Mexico, Hunt* 
boldt, PoUt* Essay on Now Spain , voL i p. 62. (I have also IOW6 
corroborative facts with respect to the shores of Mexico.) 
and the Antilles, Lyelfs Principles, 5th ed«, voL if* p. 22*—Santa Crux 
and Barbadoes, Prof. Horey, Silliman's Jomm*, voL xxjc* p* 74*—St# 
Domingo, Courrojolles, Jour* do Phy$ n tom# Uv. p* 106.—liihaow#, 
United Service Journal.\ No. lxxL pp* 218 and 224# Jamalo* Ue la 
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It is very remarkable on reviewing these details, to 
observe in how many instances fringing-reefs round the 
shores, have coincided with the existence on the land of 
upraised organic remains, which seem, from evidence more 
or less satisfactory, to belong to a late tertiary period It 
may, however, be objected, that similar proofs of elevation, 
perhaps, occur on the coasts coloured blue in our map: 
but this certainly is not the case with the few following and 
doubtful exceptions. 

The entire area of the Red Sea appears to have been 
upraised within a modern period; nevertheless I have been 
compelled (though on unsatisfactory evidence, as given in 
the Appendix) to class the reefs in the middle part, as 
barrier-reefs; should, however, the statements prove accu¬ 
rate of the less height of the tertiary bed in this middle 
part, compared with the northern and southern districts, we 
might well suspect that it had subsided subsequently to the 
general elevation by which the whole area has been upraised. 
Several authors 1 have stated that they have observed shells 

Beche, Geol. Man., p. 142-—Cuba, Taylor, in Lond. andEdin. Mag., 
vol. xi. p. 17. Dr. Daubeny also, at a meeting of the Geolog. Soc., 
orally described some very modern beds lying on the N. W. parts of 
Cuba. I might have added many other less important references. 

1 Ellis, in his Polynesian Researches , was the first to call attention to 
these remains (vol. i. p. 38), and the tradition of the natives concern¬ 
ing them. See also Williams, Mar. of Miss. Enterprise, p. 21 ; also 
Tyerman and G. Bennett, Journ. of Voyage, vol. i. p. 213; also Mr. 
Couthouy’s Remarks, p. 51; but this principal fact, namely, that there 
is a mass of upraised coral on the narrow peninsula of Tiarubu, is from 
hearsay evidence; also Mr. Stutchbury, West of Englandfourn., No. I, 
p, 54. There is a passage in Von Zach, Cowes, Astronom., vol. x, 
p. 266, inferring an uprising at Tahiti, from a footpath now used, 
which was formerly impassable ; but I particularly inquired from 
several native chiefs, whether they knew of any change of this kind, 
and they were unanimous in giving me an answer in the negative. 
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and corals high tip on the mountains of the Society Islands* 
— a group encircled by barrier-reefs, and, therefore, Mifim¬ 
posed to have subsided: at Tahiti Kir. Stutchbyry found 
on the apex of one of the highest mountains, between 5,000 
and 7,000 feet above the level of the sea, “a dr tinet and 
regular stratum of semi-fossil coral” At Tahiti, however, 
other naturalists, as well as myself, have searched in vain at 
a low level near the coast, for upraised shells or mwwm of 
coral-reef, where if present they could hardly have liren 
overlooked. From this fact, I concluded that probably the 
organic remains strewed high up on the surface of the Janc! f 
had originally been embedded in the volcanic strata, and 
had subsequently been washed out by the rain* I have 
since heard from the Rev. W. Ellis, that the remains which 
he met with, were (as he believes) interstratihud with art 
argillaceous tuff ; this likewise was the case with the shvfh 
observed by the Rev. I). Tyerman at Huahcinc. Time 
remains have not been specifically examined; they may, 
therefore, and especially the stratum observed by Mr* 
Stutchbury at an immense height, be contemporaneous whit 
the first formation of the Society Islands, and be of any 
degree of antiquity; or they may have l>een deposited at 
some subsequent, but probably not very recent, period of 
elevation; for if the period had been recent, the entire sur¬ 
face of the coast land of these islands, where the reefs am 
so extensive, would have been coated with upraised coral, 
which certainly is not the case. Two of the Harvey, or 
Cook Islands, namely, Aitutalp and Manorial, are encircled 
by reefs, which extend so far from the land, that I hav« 
coloured them blue, although with much hesitation, m tilt 
space within the reef is shallow, and the outline of the land 
is not abrupt These two islands coniist of coral rock \ but 
I have no evidence of their recent elevation, bt*fide% the 
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improbability of Mangaia, a fringed island in the same 
group (but distant 170 miles), having retained its nearly 
perfect atoll-like structure, during any immense lapse of 
time after its upheaval. The Red Sea, therefore, is the 
only area in which--we have clear proofs of the recent 
elevation of a district, which, by our theory (although the 
barrier-reefs are there not well characterised), has lately 
subsided. But we have no reason to be surprised at 
oscillation, of level of this kind having occasionally taken 
place. There can be scarcely any doubt that Savage, 
Aurora, 1 and Mangaia Islands, and several of the islands in 
the Friendly group, existed originally as atolls, and these 
have undoubtedly since been upraised to some height 
above the level of the sea; so that by our theory, there has 
here, also, been an oscillation of level,—elevation having 
succeeded subsidence, instead of, as in the middle part of 
the Red Sea and at the Harvey Islands, subsidence having 
probably succeeded recent elevation. 

It is an interesting fact, that Fais, which, from its com¬ 
position, form, height, and situation at the western end 
of the Caroline Archipelago, one is strongly induced to 
believe existed before its upheaval as an atoll, lies exactly 
in the prolongation of the curved line of the Mariana group, 

1 Aurora Island is described by Mr. Couthouy {Remarks, p. 58); it 
lies 120 miles N.E. of Tahiti; it is not coloured in the appended map, 
because it does not appear to be fringed by living reefs. Mr. Couthouy 
describes its summit as u presenting a broad table-land which declines 
a few feet towards the centre, where we may suppose the lagoon to 
have been placed/' It is about 200 feet in height, and consists of reef- 
rock and conglomerate, with existing species of coral embedded in it. 
The island has been elevated at two successive periods; the cliffs 
being marked half-way up with a horizontal water-worn line of deep 
excavations. Aurora Island seems closely to resemble in structure 
Elizabeth Island, at the southern end of the Low Archipelago. 
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which we know to be a line of recent elevation 1 
may add, that Elizabeth Island, in the southern jtar| 

of the Low Archipelago, whic h seems to have had the 
same kind of origin as the Fa is, lies near Pitcairn 
Island, the only one in this part of the ocean which 
is high, and at the same time not surrounded by art 
encircling barrier-reef. 

On the absence of active volcanoes in the areas of sulmdmer^ 
and on their frequent presence in the areas of elevation. ~ 
Before making some concluding remarks on the relations of 
the spaces coloured blue and red, it will be convenient to 
consider the position on our map of the volcanoes histori¬ 
cally known to have been in action. It m impossible not 
to be struck, first with the absence of volcanoes in the 
great areas of subsidence tinted pale and dark bhu%~ 
namely, in the central parts of the Indian Ocean* in life 
China Sea, in the sea between the barriers of Australia and 
New Caledonia, in the Caroline, Marshall, Gilbert, and 
Low Archipelagoes; and, secondly, with the coincidence of 
the principal volcanic chains with the parti coloured red* 
which indicates the presence of fringing-reeft; and, m we 
have just seen, the presence in most cases of nprsthed 
organic remains of a modem date. I may here remark that 
the reefs were all coloured before the volcanoes were added 
to the map, or indeed before I knew of the existence Of 
several of them* 

The volcano in Torres Strait, at the northern point of 
Australia, is that which lies nearest to a large subsiding 
area, although situated 125 miles within the outer margin of 
the actual barrier-reef. The Great Comoro Inland, which 
probably contains a volcano, is only twenty miles distant 
from the barrier-reef of Mohtk \ Ambit volcano, in the 
Philippines, is distant only a little more than itiiy miles 
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from the atoll-formed Appoo reef: and there are two other 
volcanoes in the map within ninety miles of circles coloured 
blue. I hese few cases, which thus offer partial exceptions 
to the rule, of volcanoes being placed remote from the 
areas of subsidence, lie either near single and isolated atolls, 
or near small groups of encircled islands; and these by our 
theory can have, in few instances, subsided to the same 
amount in depth or area, as groups of atolls. There is not 
one active volcano within several hundred miles of an 
archipelago, or even a small group of atolls. It is, there¬ 
fore, a striking fact that in the Friendly Archipelago, which 
owes its origin to the elevation of a group of atolls, two 
volcanoes, and, perhaps, others, are known to be in 
action : on the other hand, on several of the encircled 
islands in the Pacific, supposed by our theory to have 
subsided, there are old craters and streams of lava, which 
show the effects of past and ancient eruptions. In these 
cases, it would appear as if the volcanoes had come 
into action, and had become extinguished on the same 
spots, according as the elevating or subsiding movements 
prevailed. 

There are some other coasts on the map, where volcanoes 
in a state of action concur with proofs of recent elevation, 
besides those coloured red from being fringed by coral- 
reefs. Thus I hope to show in a future volume, that nearly 
the whole line of the west coast of South America, which 
forms the greatest volcanic chain in the world, from near 
the equator for a space of between 2,000 and 3,000 miles 
southward, has undergone an upward movement during a 
late geological period. The islands on the north-western 
shores of the Pacific, which form the second greatest 
volcanic chain, are very imperfectly known; but Luzon, in 
the Philippines, and the Loo Choo Islands, have been 

877 
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recently elevated; and at Kamtsciutka 1 there are vxUtmlw 
tertiary beds of modem date. Evidence of the same nature, 
but not very satisfactory, may be detected in Nojflt'-J'ti New 
Zealand where there are two volcanoes. The ru vxi’Mmm 
in other parts of the world of active volcanoes, with uprated 
beds of a modern tertiary origin, will occur to every 
geologist 2 Nevertheless, until it could be shown fttai 
volcanoes were inactive, or did not exist in subsiding areas, 
the conclusion that their distribution depended on the 
nature of the subterranean movements in progre^i* would 
have been hazardous. But now, viewing the appended 
map, it may, I think, be considered as almost established, 
that volcanoes are often (not necessarily always) present in 
those areas where the subterranean motive power has lately 
forced, or is now forcing outwards the crust of the earth, 
but that they are invariably absent in those, where the 
surface has lately subsided or is still subsiding. 21 

On the relations of the arms of Subsidence and Rtcrnimn. 
—The immense surfaces on the map, which, both by our 
theory and by the plain evidence of upraised marine 
remains, have undergone a change of level either down¬ 
wards or upwards during a late period, is a most re mark able 
fact. The existence of continents shows that the amt*§ 

1 At Sedanka, in Lat. $8® N. (Von Bnclft Desert/, dn Mm 
Canaries, p. 455). In a forthcoming part, I shall give the ©vlsitftet 
referred to with respect to the elevation of New Zealand. 

2 During the subterranean disturbances which took place in Chile, 
in 1835, I have shown (Geolag, 7 htn$., 2nd Her., voh v. p, 606) tliftt 
at the same moment that a large district was upraised, volcanic tiiAiter 
burst forth at widely separated points, through both new and old vettf*. 

8 We may infer from this rule, that in any old deposit, which dwt* 
tains interstratified beds of erupted matter, there was at the period, mi 
In the area of its formation, a tendency to an upward movement In tilt 
earth’s surface, and certainly no movement of subsidence* 
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have been immense which at some period have been 
upraised: in South America we may feel sure, and on the 
north-western shores of the Indian Ocean we may suspect, 
that this rising is either now actually in progress, or has 
taken place quite recently. By our theory, we may con¬ 
clude that the areas are likewise immense which have lately 
subsided, or, judging from the earthquakes occasionally felt 
and from other appearances, are now subsiding. The 
smallness of the scale of our map should not he over¬ 
looked : each of the squares on it contains (not allowing 
for the curvature of the earth) 810,000 square miles. Look 
at the space of ocean from near the southern end of the 
Low Archipelago to the northern end of the Marshall 
Archipelago,—a length of 4,500 miles, in which, as far as k 
known, every island, except Aurora, which lies just without 
the Low Archipelago, is atoll-formed. The eastern and 
western boundaries of our map are continents, and they are 
rising areas: the central spaces of the great Indian and 
Pacific Oceans, are mostly subsiding; between them, mirth 
of Australia, lies the most broken land on the globe, and 
there the rising parts are surrounded and penetrated by 
areas of subsidence, 1 so that the prevailing movements now 
in progress, seem to accord with the actual states of surface 
of the great divisions of the world. 

The blue spaces on the map are nearly all elongated ; but 
it does not necessarily follow from this (a caution, for which 
I am indebted to Mr. Lyell), that the areas of subsidence 
were likewise elongated; for the subsidence tif a long, 
narrow space of the bed of the ocean, including in it a 

1 I suspect that the Arm and Timor-laut Islands present m 
small area of subsidence, like that of the China Sea; hut I have not 
ventured to colour them from my imperfect information, m given in tIn? 
Appendix. 
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transverse chain of mountains, surmount* d by atolls would 
only be marked on the map by a tranwci^ blue ha ml 
But where a chain of atolls and hauier m*h litr-i in m 
elongated area, between spaces laboured red, wlikli there¬ 
fore have remained stationary or have been upraised, till*! 
must have resulted either front the area of tmhsidcnce 
having originally been elongated (owing to some tendency 
in the earth’s crust thus to subside), or from the subsiding 
area having originally been of an irregular figure* or m 
broad as long, and having since been narrowed by tilt 
elevation of neighbouring districts. Tints the areas, which 
subsided during the formation of the great not tit and south 
lines of atolls in the Indian Ocean,—of tint east and wm*t 
line of the Caroline atolls,— and of the north-west and 
south-east line of the barrier-reefs of New (Idulnub and 
Loniskide, must have originally been elong-dud, or if not 
so, they must have since been made elongated by elevation*, 
which we know to belong to a recent period. 

I infer from Mr. Hopkins’ researches, 1 that for the forma* 
tion of a long chain of mountains, with few lateral sfttff% 
an area elongated in the same direct km with the chain, 
must have been subjected to an etevatnry movement. 
Mountain-chains, however, when already formed, although 
running in very different directions, it j»ecms* may Sut 

1 ** Researches la Physical Geology,” Tmmmi* C&mfa'iJgi PMA 
Sae. t rot. vi. part I. 

8 For instance in K, America from kit. 34**, for tmnf * b/trr% \m$h* 
ward there are upraised beds containing irnnt sjMrrte*. of fin 

both the Atlantic and Pacific side of the conlbtrnJ, and from tiff 
gradual ascent of the land, although with very unequal 4 o§#e% rift 
both sides towards the Cordillera, I think it tim hardly H dmiUed 
that the entire width has been uprated in wav* within I he n^tsi 
period. In this case the two W.N.W. and K.8.K* 
namely the Sierra Ventana and the S. Tupalgitwi, unit thr great north 
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raised together by a widely-acting force:, so, perhaps, 
mountain-chains may subside together. Hence, we cannot 
tell, whether the Caroline and Marshall Archipelagoes, two 
groups of atolls running in different directions and meeting 
each other, have been formed by the subsidence of two 
areas, or of one large area, including two distinct lines of 
mountains. We have, however, in the southern prolonga¬ 
tion of the Mariana Islands, probable evidence of a line of 
recent elevation having intersected one of recent subsi¬ 
dence. A view of the map will show that, generally, there is 
a tendency to alternation in the parallel areas undergoing 
opposite kinds of movement; as if the sinking of one area 
balanced the rising of another. 

The existence in many parts of the world of high table¬ 
land, proves that large surfaces have been upraised in mass 
to considerable heights above the level of the ocean; 
although the highest points in almost every country con¬ 
sist of upturned strata, or erupted matter: and from the 
immense spaces scattered with atolls, which indicate that 
land originally existed there, although not one pinnacle 
now remains above the level of the sea, we may conclude 
that wide areas have subsided to an amount, sufficient to 
bury not only any formerly existing table-land, but even the 
heights formed by fractured strata, and erupted matter. 
The effects produced on the land by the later elevatory 
movements, namely, successively rising cliffs, lines of 
erosion, and beds of littoral shells and pebbles, all requiring 
time for their production, prove that these movements have 
been very slow; we can, however, infer this with safety, 

and south line of the Cordillera have been together raised. In the 
West Indies the N. and S. line of the Eastern Antilles, and the K. 
and W. line of Jamaica, appear both to have been upraised within the 
latest geological period. 
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only with respect to the few last hundred feet of rise:. But 

with reference to the whole vast amount of subsidence, 
necessary to have produced the many atoll; widrly scattered 
over immense spaces, it has already been shown (and it t% 
perhaps, the most interesting conclusion in this volume), 
that the movements must either have been uniform and 
exceedingly slow, or have been effected by small vfeps, 
separated from each other by long intervals of time, during 
which the reef-constructing polypifers were able to bring 
up their solid frameworks to the surface. We have little 
means of judging whether many considerable oscillations of 
level have generally occurred during the elevation of large 
tracts; but we know, from clear geological evidence, that 
this has frequently taken place \ and we have seen on mt 
map, that some of the same islands have both subsided and 
been upraised, I conclude, however, that most of the 
large blue spaces have subsided without many and gnut 
elevatory oscillations, because only -a few upraised atolls 
have been observed: the supposition that Mich elevati um 
have taken place, but that the upraised parts have been 
worn down by the surf, and thus have escaped observation, 
is overruled by the very considerable depth of the lagwotw 
of all the larger atolls; for this could not have been the 
case, if they had suffered repeated elevations and abrasion* 
From the comparative observations made in these latter 
pages, we may finally conclude, that the sitbtefrancift 
changes which have caused some large areas to me, anti 
others to subside, have acted in a very similar manner, 
Recapiiulatfon.~ln the three first chapters the principal 
kinds of coral-reefs were described in detail, and they 
were found to differ little, as far as relate* to the actual 
surface of the reef. An atoll differs frum an encircling 
barrier-reef only in the absence of land within its central 
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expanse; and a barrier-reef differs from a fringing-reef, in 
being placed at a much greater distance from the land 
■with reference to the probable inclination of its submarine 
foundation, and in the presence of a deep-water lagoon¬ 
like space or moat within the reef. In the fourth chapter 
the growing powers of the reef-constructing polypifers were 
discussed; and it was shown, that they cannot flourish 
beneath a very limited depth. In accordance with this 
limit, there is no difficulty respecting the foundations on 
which fringing-reefs are based; whereas, with barrier- 
reefs and atolls, there is a great apparent difficulty on 
this head;—in barrier-reefs from the improbability of 
the rock of the coast or of banks of sediment extend¬ 
ing, in every instance, so far seaward within the required 
depth;—and in atolls, from the immensity of the spaces 
over which they are interspersed, and the apparent 
necessity for believing that they are all supported on 
mountain-summits, which, although rising very near to the 
surface-level of the sea, in no one instance emerge above 
it. To escape this latter most improbable admission, which 
implies the existence of submarine chains of mountains 
of almost the same height, extending over areas of many 
thousand square miles, there is but one alternative; namely, 
the prolonged subsidence of the foundations, on which 
the atolls were primarily based, together with the upward 
growth of the reef-constructing corals. On this view every 
difficulty vanishes: fringing-reefs are thus converted into 
barrier-reefs; and barrier-reefs, when encircling islands, are 
thus converted into atolls, the instant the last pinnacle of 
land sinks beneath the surface of the ocean. 

Thus the ordinary forms and certain peculiarities in the 
structure of atolls and barrier-reefs can be explained;— 
namely, the wall-like structure on their inner sides, the 
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bason or ring-like shape both of the marginal and central 
reefs in the Maldiva atolls—the union of wune atolh at 
if by a ribbon—the apparent dissever merit of others - anti 
the occurrence, in atolls as well as in barrier n*rf^ of 
portions of reef, and of the whole of some reefs, in a ckml 
and submerged state, but retaining the outline of living 
reefs. Thus can be explained the existence of bmidits 
through barrier-reds in front of valleys, though separated 
from them by a wide space of deepwater; thus, also, the 
ordinary outline of groups of atolls and the relative form* 
of the separate atolls one to another; thus can he explained 
the proximity of the two kinds of reefs fanned during 
subsidence, and their separation from the upftcoi where 
fringing-reefs abound. On searching fur other evidence 
of the movements supposed by our theory, we find ruarki 
of change in atolls and in barrier-reefs, and of auhurmnmft 
disturbances under them; but from the nature of things, 
it is scarcely possible to detect any direct proof, of ruit** 
sidence, although some appearances are strongly in favour 
of it. On the fringed coasts, however, the presence cif 
upraised marine bodies of a recent epoch, plainly show, 
that these coasts, instead of having remained stationary# 
which is all that can be directly inferred from our theory, 
have generally been elevated 

finally, when the two great types of structure, namely 
barrier-reefs and atolls on the one hand, and frtngmg-rcehi 
on the other, were laid down in colours on our map, a 
magnificent and harmonious picture of the fitovmettfti, 
which the crust of the earth has within a late period tsftckr* 
gone, is presented to us. We there see vast areas thing, 
with volcanic matter every now and then burst mg forth 
through the vents or fissures with which they aru traveled* 
We see other wide spaces slowly sinking without any 
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-£inic outburst, and we may feel sure, that this sinking 
have been immense in amount as well as in area, 
* to have buried over the broad face of the ocean every 
of those mountains, above which atolls now stand like 
^Urnents, marking the place of their former existence. 
Acting how powerful an agent with respect to denu- 
and consequently to the nature and thickness of 
deposits in accumulation, the sea must ever be, when 
for prolonged periods on the land, during either its 
f emergence or subsidence; reflecting, also, on the final 
-ts of these movements in the interchange of land and 
in-water on the climate of the earth, and on the dis- 
•Hion of organic beings, I may be permitted to hope, 
the conclusions derived from the study of coral- 
lations, originally attempted merely to explain their 
lliar forms, may be thought worthy of the attention of 
ogists. 
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CONTAINING A DETAILED DESCRIPTION OK Tlllf 
REEFS AND ISLANDS IN PLATE V. 


In the beginning of the last chapter I stated the principles 
on which the map is coloured. There only remains to be 
said, that it is. an exact copy of one by M. C. Gressier, 
published by the Depot gdndral de la Marine, in 1835. 
The names have been altered into English, and the 
longitude has been reduced to that of Greenwich. The 
colours were first laid down on accurate charts, on a large 
scale. The data, on which the volcanoes historically known 
to have been in. action, Jiavc been marked with vermilion, 
•were given in a note to the last chapter. I will commence 
my description on the eastern side of the map, and will 
describe each group of islands consecutively, proceeding 
westward across the Pacific and Indian Oceans, but ending 
with the West Indies. 

The Western Shores of America appear to be entirely 
without coral-reefs; south of the equator the survey of the 
Beagle, and north of it, the published charts show that this 
Is the case. Even in the Bay of Panama, where corals 
flourish, there are no true coral-reefs, as I have been 
Informed by Mr. Lloyd. There are no coral-reefs in the 
Galapagos Archipelago, as I know from personal inspec¬ 
tion j and I believe there are none on the Cocos, Remila* 
gigedo, and other neighbouring islands. Clipperton rock, 
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io° N., 109° TY., has lately been surveyed by Capt Belcher; 
in form it is like the crater of a volcano* I* rout a drawing 
appended to the MS. plan in the Admiralty, it evidently is 
not an atoll The eastern parts of the Pacific present an 
enormous area, without any islands, except Easier, anti 
Safa, and Gomez Islands, which do not appear to lie 
surrounded by reefs, 

The Low AucinPELA«io,~This group ronsLU of about 
eighty atolls: it would be quite superfluous to refer to 
descriptions of each. In D’Urville and Lrillins chart* 
one island ( Wokhonsky) is wiitten with a lapiul Idler, 
signifying, as explained in a former chapter, that it k a 
high island; but this must he a mnlahe, m the original 
chart by Bellinghausen shows that it k a trie atoll 
Capt Beechey says of the 32 groups which lie examined 
(of the greater number of which I have neeii beautiful 
MS. charts in the Admiralty), that 29 now contain 
lagoons, and he believes the other thr e originally dal, 
Bellinghausen (see an account of his R11 - Am voyage, in the 
Biblioth. des Voyages, 1834, p. 443) says, that the i| island t 
which he discovered resembled each othrr in Mitieftire, 
and he has given -charts on a large .scale of all of them. 
Kotzebue has given plans of several; Cook and llligli 
mention others; a few were seen during the voyage of the 
Beagle; and notices of other atolls are scattered throtigh 
several publications. The Aciwm group in this archipelago 
has lately been discovered {Geogmph* /mrm % vol ll p. 
454); it consists of three small and low Llet^, one of which 
has a lagooa Another lagoondslatid tm hxn di* tmvrui 
■ {Naut Mag., 1839, p. 770), in 2a* 4* S., and 130* 20 \V. 
Towards the S.E. part of the group, there are wane hlindhs 
Of different formation: Elizabeth Island k described by 
Beechey (p. 46, 410 ed) as fringed by reefs, at tie distance 
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of between two and three hundred yards; coloured red. 
Pitcairn Island, in the immediate neighbourhood, according 
to the same authority, has no reefs of any kind, although 
numerous pieces of coral are thrown up on the beach; the 
sea close to its shore is very deep (see Zool. of Beechefs 
Voyage , p. 164); it is left uncoloured. Gambicr Islands 
(see Plate II., Fig. 5) are encircled by a barrier-reef; the 
greatest depth within is 38 fathoms; coloured pale blue. 
Aurora Island, which lies N.E. of Tahiti close to the large 
space coloured dark blue in the map, has been already 
described in a note (p. 118), on the authority of Mr. 
Couthouy; it is an upraised atoll, but as it does not 
appear to be fringed by living reefs, it is left uncoloured. 

The Society Arch, is separated by a narrow space from 
the Low Arch.; and in their parallel direction they manifest 
some relation to each other. I have already described the 
general character of the reefs of these fine encircled islands. 
In the Atlas of the Coquille's Voyage there is a good 
general chart of the group, and separate plans of some of 
the islands. Tahiti, the largest island in the group, is 
almost surrounded, as seen in Cook’s chart, by a reef from 
half a mile to a mile and a half from the shore, with from 
10 to 30 fathoms within it Some considerable submerged 
reefs lying parallel to the shore, with a broad and deep 
space within, have lately been discovered (Naut Mag. x 
1836, p. 264) on the N.E. coast of the island, where none 
are laid down by Cook. At Einrn the reef “ which like a 
ring surrounds it, is in some places one or two miles distant 
from the shore, in others united to the beach ” (Ellis, 
Polynesian Researches, vol. i. p. 18, 12mo edit.). Cook 
found deep water (20 fathoms) in some of the harbours 
within the reef. Mr. Couthouy, however, states (Remarks, 
p. 45) that both at Tahiti and Eimeo, the space between 
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the barrier-reef and the shha:i b :> n 4*1111 I filled 
up,— u a nearly continuous flinging 2eel surrounding the 
island, and varying from a low yards to nil bur more 

than a mile in width, the hgoons ncrdy funning v t umh 
between this ami the sea tvm/ 1 that i. the burnt 1 reef. 
Tapamanoa is surrounded by a md at a con ,idcrahlg 
distance from the shore; from the island lining small, 
it is breached, as I am infoiin^d by the Rev, W* 
Ellis, only by a narrow and crooked boat t knurl, Tim 11 
the lowest island in the group, iti In ighi probably not 
exceeding 500 feet. A little way imth of 'Iahiti, the low 
coral-islets of Teturoa are situated ; from the de script ion of 
them given me by the Rev. J. Williams (the author of the 
Narrative of Missionary Emkrpmt) % I should kne thought 
they had formed a small atoll, and likewise fsniit the 
description given by the Rev. IX Tyerimm ami <#, JfcmmU 
(Journ. of Voy. and Travels^ vol. l ft. iHy), who say that tew 
low coral-islets “ are comprehended within 01m g<wrat r»;ef, 
and separated from each other by interjacent kgrmm >;Irnit 
as Mr. Stutchbury (West of England Jmrmd % voh L p, jy j 
describes it as consisting of a mere narrow* tidge, I have left 
it uncoloured. Maitea, eastward of the group, n* t kt'.vcd by 
Forster as a high encircled island ; hut from the account 
given by the Rev. D, Tyerman and CX Ikimctt (vol i, fs 
57) it appears to be an exceedingly abrupt cene, thing from 
the sea without any reef; 1 have left it unrobnred, ft 
■ would be superfluous to describe the norther it rdantii in 
this group, as they may be well seen in the chart accompany* 
ing the 4to edition of Cook's Voyages, and in tin; AUm #/ 
the CoquiiMs Voyage, Mamma is the only one of tit 
northern islands* in which the water within the reef it not 
deep, being only 4^ fathoms; but the great width of tie 
reef, stretching three miles and a half southward of the {and 
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(which is represented in the drawing in the atlas of the 
Ccquille's voyage as descending abruptly to the water), 
shows, on the principle explained in the beginning of the last 
chapter, that it belongs to the barrier class. I may here 
mention, from information communicated to me by the Rev. 
W. Ellis, that on the N.E. side of Huaheine there is a bank 
of sand, about a quarter of a mile wide, extending parallel 
to ' the shore, and separated from it by an extensive and 
deep lagoon: this bank of sand rests on coral-rock, and un¬ 
doubtedly was originally a living reef. North of Bolabola 
lies the atoll of Toubai (Motou-iti of the Coquille's Atlas), 
which is coloured dark blue ; the other islands, surrounded 
by barrier-reefs, are pale blue: three of them are represented 
in Figs. 1 and 4 in Plate II., and Fig. 5 in Plate III. There 
are three low coral-groups lying a little E. of the Society 
Arch., and almost forming part of it, namely, Belltnghausen, 
which is said by Kotzebue (Second Voyage, vol. ii. p. 255) 
to be a lagoon island ; Mophea, which, from Cook’s descrip¬ 
tion (Second Voyage, book iii. chap, i.), no doubt is an atoll; 
and the Scilly Islands, which are said by Wallis ( Voyage, 
chap, ix.) to form a group of low islets and shoals, and, 
therefore, probably, they compose an atoll: the two former 
have been coloured blue, but not the latter. 

Menbana or Marquesas Group. —These islands are 
entirely without reefs, as may be seen in Krusenstern’s 
Atlas, making a remarkable contrast with the adjacent group 
of the Society Islands. Mr. F. D. Bennett has given some 
account of this group, in the seventh volume of the Geography 
'jTourn. He informs me that all the islands have the same 
general character, and that the water is very deep close to 
their shores. He visited three of them, namely, Domini 
&a,7ta, Christiana, and Roapoa; their beaches are strewed with 
rounded masses of coral, and although no regular reefs 
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exist, yet the shore is in many places lined by coral-rock, so 
that a boat grounds on this formation. Hence these islands 
ought probably to come within the class of fringed islands 
and be coloured red ; but as I am determined to err on the 
cautious side, I have left them uncoloured 

Cook or Harvey and Austral Isl. — Palmerston Island 
is minutely described as an atoll by Capt. Cook during his 
voyage in 1774; coloured blue. Aitutaki was partially 
surveyed by the Beagle (see map accompanying Voyages oj 
Adventure and Beagle) ; the land is hilly, sloping gently to 
the beach; the highest point is 360 feet; on the southern 
side the reef projects five miles from the land : off this 
point the Beagle found no bottom with 270 fathoms: the 
reef is surmounted by many low coral-islets. Although 
within the reef the water is exceedingly shallow, not being 
more than a few feet deep, as I am informed by the Rey. J. 
Williams, nevertheless, from the great extension of this reef 
into a profoundly deep ocean, this island probably belongs, 
on the principle lately adverted to, to the barrier class, and 
I have coloured it pale blue; although with much hesita¬ 
tion.— Manouai or Harvey Isld. The highest point is 
about 50 feet: the Rev. J. Williams informs me that the 
reef here, although it lies far from the shore, is less distant 
than at Aitutaki, but the water within the reef is rather 
deeper: I have also coloured this pale blue, with many 
doubts.—Round Mitiaro Isld., as I am informed by Mr, 
Williams, the reef is attached to the shore; coloured red.*-** 
Mauki or Maouti; the reef round this isld. (under the 
name of Parry Isld., in the Voyage of ILM.S . Blond#, p 
209) is described as a coral-flat, only 50 yards wide, and 
two feet under water. This statement has been corro* 
borated by Mr. Williams, who calls the reef attached* 
coloured red,— Atm , or Wateeo; a moderately elevated. 



APPENDIX. 


r 93 


hilly island, like the others of this group. The reef is 
described in Cook’s Voyage, as attached to the shore, and 
about 100 yards wide; coloured red.— Fenoua-iti; Cook 
describes this isld. as very low, not more than six or 
seven feet high (vol. i., bk. ii. chap, iii., 1777); in the 
chart published in the Coquille’s Atlas, a reef is engraved 
close to the shore: this isld. is not mentioned in the list 
given by Mr. Williams (p. 16) in the Narrative of Missionary 
Enterprise; nature doubtful. As it is so near Atiu, it has 
been unavoidably coloured red.— Rarotonga; Mr. Williams 
informs me that it is a lofty basaltic isld. with an attached 
reef; coloured red.—There are three islands, Rourouti, 
Roxburgh, and Hull, of which I have not been able to 
obtain any account, and have left them uncoloured. Hull 

l sld. , in the French chart, is written with small letters as 
being low.— Mangaia; height about three hundred feet; 
“the surrounding reef joins the shore” (Williams’s Nar¬ 
rative, p. 18); coloured red.— Rimetara; Mr. Williams 
informs me that the reef is rather close to the shore; but, 
from information given me by Mr. Ellis, the reef does not 
appear to be quite so closely attached to it as in the 
foregoing cases: the island is about three hundred feet 
high (Naat. Mag., 1839, p. 738); coloured red.— Rurutu; 
Mr. Williams and Mr. Ellis inform me that this island 
has an attached reef; coloured red. It is described by 
Cook under the name of Oheteroa: he says it is not sur¬ 
rounded, like the neighbouring islds. by a reef; he must 
have meant a distant reef.— Toubouai; in Cook’s chart 
( 2nd Voyage, vol. ii. p. 2) the reef is laid down in part one 

mile, and in part two miles from the shore. Mr. Ellis 
(Polynes. Res., vol. iii. p. 381) says the low land round the 
base of the isld. is very extensive; and this gentleman 
informs me that the water within the reef appears deep; 
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coloured blue.— Raivaivai , or Vivitao; Mr. Williams in¬ 
forms me that the reef is here distant: Mr. Ellis, however, 
says that this is certainly not the case on one side of the 
isld. ; and he believes that the water within the reef is 
not deep; hence I have left it uncoloured.— Lancaster 
Reef, described in Naut. Mag., 1833 (p. 693), as an 
extensive crescent-formed coral-reef. I have not coloured 
it.— Rapa, or Oparree; from the accounts given of it by 
Ellis and Vancouver, there does not appear to be any 
reef.— I. de Pass is an adjoining isld., of which I cannot 
find any account.— Kemin Isld.; Krusenstern seems hardly 
to know its position, and gives no further particulars. 


Islands between the Low and Gilbert Archipelagoes . 

Caroline Isld. (io° S., 150° W.) is described by Mr. F. 
D. Bennett ( Geograph . Journ ., vol. vii. p. 225) as contain¬ 
ing a fine lagoon; coloured blue.— Flint Isld. (11 0 S., 
151° W.); Krusenstern believes that it is the same with 
Peregrino , which is described by Quiros (Burney’s Chron . 
Hist, vol. ii. p. 283) as “a cluster of small islands con¬ 
nected by a reef, and forming a lagoon in the middle;” 
coloured blue.— Wostock is an isld. a little more than half 
a mile in diameter, and apparently quite flat and low, and 
was discovered by Bellingshausen; it is situated a little west 
pf Caroline Isld., but it is not placed on the French charts; 
I have not coloured it, although I entertain little doubt 
from the chart of Bellinghausen, that it originally contained 
a small lagoon.— Penrhyn Isld. (9 0 S., 158° W.); a plan 
of it in the atlas of the first voyage of Kotzebue, shows 
that it is an atoll; blue.— Starbuck Isld, (5 0 S., 156° W.) 
is described in Lord Byron’s Voyage in the Blonde (p. 206) 
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as formed of a flat coral-rock, with no trees; the height not 
given; not coloured. —Malden Isld. (4 S., 154 6 W.); in 
the same voyage (p. 205) this isld. is said to be of coral- 
formation, and no part above 40 feet high; I have not 
ventured to colour it, although, from being of coral- 
formation, it is probably fringed; in which case it should 
be red.—Jarvis, or Bunker Isld. (o° 20' S., 160 8 W.) is 
described by Mr. F. D. Bennett {Geograph. Journ., vol viL 
p. 227) as a narrow, low strip of coral-formation; not 
coloured.— Brook is a small, low isld. between the two 
latter; the position, and perhaps even the existence of it 
is doubtful; not coloured.— Pescado and Humphrey Islands; 
I can find out nothing about these islands, except that 
the latter appears to be small and low; not coloured.— 
Rearson , or Grand Duke Alexander’s (io° S., 161 0 W.); 
an atoll, of which a plan is given by Bellinghauseo; 
blue. — Souvoroff Islands (13° S., 163° W.); Admiral 
Krusenstern, in the most obliging manner, obtained for 
me an account of these islands from Admiral LazarefF 
who discovered them. They consist of five very low 
islands of coral-formation, two of which are connected by a 
reef, with deep water close to it They do not surround a 
lagoon, but are so placed that a line drawn through them 
includes an oval space, part of which is shallow; these 
islets, therefore, probably once (as is the case with some of 
the islands in the Caroline Arch.) formed a single atoll ; 
but I have not coloured them.— Danger Isld. (io° S., 166® 
W.); described as low by Com. Byron, and more lately 
surveyed by Bellingliausen ; it is a small atoll with three 
islets on it; blue.— Clarence Isld. (9® S., 172® W.); dis¬ 
covered in the Pandora (G. Hamilton’s Voyage, p. 75): It 
is said, “ in running along the land, we saw several canoes 
crossing the lagoons; n as this island is in the close vicinity 
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of other low islands, and as it is said, that the natives make 
reservoirs of water in old cocoa-nut trees (which shows the 
nature of the land), I have no doubt it is an atoll, and have 
coloured it blue. York Isld. (8° S,, 172 0 W.) is described 
by Commodore Byron (chap. x. of his Voyage) as an atoll; 
blue. —Sydney Isld. (4 0 S., 172® W.) is about three miles In 
diameter, with its interior occupied by a lagoon (Capt. 
Tromelin, Anna/. Mari/., 1829, p. 297); blue.— Phcenix 
Isld. (4 0 S., 17 W.) is nearly circular, low, sandy, not 
more than two miles in diameter, and very steep outside 
(Tromelin, Anna/. Mari/., 1829, p. 297); it may be in¬ 
ferred that this isld. originally contained a lagoon, but I 
have not coloured it—New Nantucket (o e 15' M., 174® W,), 
From the French chart it must be a low isld. ; I can find 
nothing more about it or about Mary Isld.; both un- 
coloured.— Gardner Isld. (5 0 S., 174 0 W.) from its position 
is certainly the same as Kemin Isld. described ( Kruscnstcm, 
p. 435, Appen. to Mem., publ. 1827) as having a lagoon in 
its centre; blue. 

Islands south of ike Sandwich Archipelago. 

Christmas Isld. (2 0 N., 157 0 W.). Captain Cook, in bis 
Third Voyage (vol. ii. chap, x.), has given a detailed 
account of this atoll. The breadth of the islets on the reef 

is unusually great, and the sea near it does not deepen 10 
suddenly as is generally the case. It has more lately been 
visited by Mr. F. I). Bennett (Geograkh. Jour a., vol vie 
p. 226); and he assures me that it is low and of oumT 
formation; I particularly mention this, because it is eit« 
graved with a capital letter, signifying a high hid., in 
D’Urville and Ix>ttin f s chart Mr. Couthouy* also, ha 4 
given some account of it (Remarks, p. 4b) from the 
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Hawaiian Spectator; he believes it has lately undergone a 
small elevation, but his evidence does not appear to me 
satisfactory; the deepest part of the lagoon is said to be 
only ten feet; nevertheless, I have coloured it blue.— 
Panning Isld. (4 0 N., 158° W.), according to Capt. Tromelin 
(Ann. Maritim ., 1829, p. 283), is an atoll: his account, 
as observed by Krusenstern, differs from that given in 
Fanning’s i Voyage (p. 224), which, however, is far from 
clear; coloured blue.— Washington Isld. (4 0 N., 159 0 W.) 
is engraved as a low island in D’Urville’s chart, but is 
described by Fanning (p. 226) as having a much greater 
elevation than Fanning Isld., and hence I presume it is not 
an atoll ; not coloured.— Palmyra Isld. (6° N., 162° W.) is 
an atoll divided into two parts (Krusenstern’s Mem. Supply 
p. 50, also Fanning’s Voyage, p. 233); \Ane.~Smyt/is or 
Johnston’s Islds. (17 0 N., 170° W.). Capt. Smyth, R.N., has 
had the kindness to inform me that they consist of two 
very low, small islands, with a dangerous reef off the east 
end of them. Capt. Smyth does not recollect whether 
these islets, together with the reef, surrounded a lagoon; 
uncoloured. 

Sandwich Arch. — Hawaii; in the chart in Freycinet’s 
Atlas, small portions of the coast are fringed by reefs; and 
in the accompanying Hydrog. Memoir , reefs are mentioned 
4n several places, and the coral is said to injure the cables. 
On one side of the islet of Kohaihai there is a bank of 
•sand and coral with five feet water on it, running parallel 
to the shore, and leaving a channel of about fifteen feet 
•deep within. I have coloured this isld. red, but it is very 
much less perfectly fringed than others of the group.— 
Maui; in Freycinet’s chart of the anchorage of Raheina, 
two or three miles of coast are seen to be fringed; and in 
•the Hydrog. Memoir , ff banks of coral along shore” are 
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spoken of, Mr. F. I). Bennett informs me that the reefs* 
on an average, extend about a quarter of a mile from the 
beach; the land is not very steep, and outside the reefs the 
sea does not become deep very suddenly; coloured red— 
Morotoi, I presume, is fringed: Frcycinet speaks of the 
breakers extending along the shore at a little distance from 
it. From the chart, I believe it is fringed; coloured red.— 
Oahu; Frcycinet, in his JJydrog . Memoir, mentions some 
of the reefs. Mr. F. 1). Bennett informs me that the shore 
is skirted for forty or fifty miles in length. There is even 
a harbour for ships formed by the reefs, but it is at the 
mouth of a valley; red. — Atooi, in La Peyrouse’s charts, 
is represented as fringed by a reef, in the same manner m 
Oahu and Morotoi; and this, as I have been informed by 
Mr. Ellis, on part at least of the shore, is of coral-forma¬ 
tion : the reef does not leave a deep channel within; red.— 
Oneehow; Mr. Ellis believes that this island is also fringed 
by a coral-reef: considering its close proximity to the other 
islands, I have ventured to colour it red. 1 have in vain 
consulted the works of Cook, Vancouver, La Peyrouse* 
and Lisiansky, for any satisfactory account of the small 
islands and reefs, which he scattered In a N.W. line pro¬ 
longed from the Sandwich group, and hence have left them 
uncoloured, with one exception; for I am indebted to Mr, 
F. D. Bennett for informing me of an atoll-formed reef, In 
lat 28° 22', long. 178° 30' W,, on which the Gkdsianes wm 
wrecked in 1837. It is apparently of large mze, and 
extends in a N.W. and S.B. line: very few islets have been 
formed on it The lagoon seems to be shallow; at least, 
the deepest part which was surveyed was only three 
fathoms. Mr. Couthouy {Remarks, p, 38) deseriiics till# 
Md* under the name of Ocean Isld. Considerable doubt# 
should be entertained regarding the nature of a reef of this 
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kind, with a very shallow lagoon, and standing far from anjr 
other atoll, on account of the possibility of a crater or flat 
bank of rock lying at the proper depth beneath the surface 
of the water, thus affording a foundation for a ring-formed 
coral-reef. I have, however, thought myself compelled, 
from its large size and symmetrical outline, to colour it blue. 

Samoa or Navigator Group. —Kotzebue, in his second 
voyage, contrasts the structure of these islands with many 
others in the Pacific, in not being furnished with harbours for 
ships, formed by distant coral-reefs. The Rev. J. Williams, 
however, informs me, that coral-reefs do occur in irregular 
patches on the shores of these islands ; but that they do 
not form a continuous band, as round Mangaia, and other 
such perfect cases of fringed islands. From the charts 
accompanying La Peyrouse’s voyage, it appears that the 
north shore of Savaii Mctouna, Orosenga y and Manua , 
are fringed by reefs. La Peyrouse, speaking of Maouna 
(p. 126), says that the coral-reef surrounding its shores 
almost touches the beach; and is breached in front of the 
little coves and streams, forming passages for canoes, and 
probably even for boats. Further on (p. 159), he extends 
the same observation to all the islands which he visited. 
Mr. Williams in his Narrative ,, speaks of a reef going round 
a small island attached to Oyolava ,, and returning again to 
it: all these islands have been coloured red.—A chart of 
Pose Island, at the extreme west end of the group, is given 
by Freycinet, from which I should have thought that it had 
been an atoll; but according to Mr. Couthouy ( Remarks , 
p. 43), it consists of a reef, only a league in circuit, sur¬ 
mounted by a very few low islets; the lagoon is very 
shallow, and is strewed with numerous large boulders of 
volcanic rock. This island, therefore, probably consists 
of a bank of rock* a few feet submerged, with the, outer 
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margin of its upper surface fringed with reefs; hence it 
cannot be properly classed with atolls, in which the founda¬ 
tions are always supposed to lie at a depth, greater than 
that at which the reef-constructing polypifers can live; not 
coloured. 

Beveridge Reef, 20° S., 167° W., is described in the 
Naut. Mag. (May 1833, p. 442) as ten miles long in a 
N. and S. line, and eight wide; “ in the inside of the reef 
there appears deep water;” there is a passage near the 
S.W. corner: this therefore seems to be a submerged atoll, 
and is coloured blue. 

Savage Isld., 19 0 S., 170° W., has been described by 
Cook and Forster. The younger Forster (vol. ii. p. 163) 
says it is about forty feet high : he suspects that it contains 
a low plain, which formerly was the lagoon. The Rev. J. 
Williams informs me that the reef fringing its shores, 
resembles that round Mangaia; coloured red. 

Friendly Arch. — Pylstaart Isld.: judging from the 
chart in Freycinet's Atlas, I should have supposed that it 
had been regularly fringed ; but as nothing is said in the 
Ilydrog : Memoir (or in the voyage of Tasman, the dis¬ 
coverer) about coral-reefs, I have left it uncoloured.—* 
Tongatabou: In the atlas of the voyage of the Astrolabe*, 
the whole south side of the island is represented as narrowly 
fringed by the same reef which forms an extensive platform 
on the northern side. The origin of this latter reef, which 
might have been mistaken for a barrier-reef, has already been 
attempted to be explained, when giving the proofs of the 
recent elevation of this island.—In Cook's charts the little 
outlying island also of Eoaigee, is represented as fringed \ 
coloured red.— Eoua. I cannot make out from Ca.pt 
Cook's charts and descriptions, that this island has any 
ree^ although the bottom of the neighbouring sea seems 










APPENDIX. 


201 


:o be corally, and the island itself is formed of coral-rock. 
Forster, however, distinctly (Observations, p. 14) classes 
it with high islands having reefs, but it certainly is not 
encircled by a barrier-reef; and the younger Forster ( Voyage, 
vol. i. p. 426) says, that “a bed of coral-rocks surrounded 
the coast towards the landing-place.” I have therefore 
classed it with the fringed islands and coloured it red. 
The several islands lying N.W. of Tongatabou, namely, 
Anamouka , Koman^o, Kotou, Lefouga, Foa, etc., are seen 
in Capt. Cook’s chart to be fringed by reefs, and several 
of them are connected together. From the various state¬ 
ments in the first volume of Cook’s third voyage, and 
especially in the fourth and sixth chapters, it appears that 
these reefs are of coral-formation, and certainly do not 
belong to the barrier class; coloured red,— Toufoa and 
Kao , forming the, western part of the group, according to 
Forster have no reefs; the former is an active volcano.— 
Vavao . There is a chart of this singularly formed island, 
by Espinoza: according to Mr. Williams it consists of 
coral-rock: the Chevalier Dillon informs me that it is not 
fringed; not coloured. Nor are the islands of Latte and 
Amargura , for I have not seen plans on a large scale of 
them, and do not know whether they are fringed. 

Niouha, 16 0 S., 174 0 W., or Kepfel Island of Wallis, or 
Cocos Isld. From a view and chart of this island given 
in Wallis’s Voyage (4to edit.) it is evidently encircled by a 
reef; coloured blue : it is however remarkable that Boscawen 
Island, immediately adjoining, has no reef of any kind; 
uncoloured. 

Wallis Island, 13 0 S., 176° W., a chart and view of this 
island in Wallis’s Voyage (4to edit.) shows that it is 
encircled. A view of it in the Naut. Mag., July 1833, 
p. 376, shows the same fact; blue. 
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Alloufalou, or Horn Island, Onouafu^ or Proby Island, 
and Hunter Islands, lie between the Navigator and Fidji 
groups. I can find no distinct accounts of them. 

Fidji or Yra Group.— The best chart of the numerous 
islands of this group, will be found in the Atlas of the 
Astrolabe's Voyage. From this, and from the description 
given in the Ilydrog. Memoir^ accompanying it, it appears 
that many of these islands are bold and mountainous, rising 
to the height of between 3,000 and 4,000 feet. Most of the 
islands are surrounded by reefs, lying far from the land, 
and outside of which the ocean appears very deep. The 
Astrolabe sounded with 90 fathoms in several places about 
a mile from the reefs, and found no bottom. Although the 
depth within the reef is not laid down, it is evident from 
several expressions, that Capt. D’Urville believes that ships 
could anchor within, if passages existed through the outer 
barriers. The Chev. Dillon informs me that this is the 
case: hence I have coloured this group blue. In the S.B. 
part lies Batoa, or Turtle Island of Cook (2nd Voyage^ 
vol. ii. p. 23, and chart; 4to edit), surrounded by a coral 
reef, u which in some places extends two miles from the 
shore; ” within the reef the water appears to be deep, and 
outside it is unfathomable; coloured pale blue. At the 
distance of a few miles, Capt. Cook (ibid. p. 24) found a 
circular coral-reef, four or five leagues in circuit, with deep 
water within; “ in short, the bank wants only a few little 
islets to make it exactly like one of the half-drowned islet 
so often mentioned/’—namely, atolls. South of Batoa, lies 
the high island of Ono f which appears in Bellinghausen's 
atlas to be encircled ; as do some other small islands to the 
south; coloured pale blue: near Ono, there Is an annular 
reef, quite similar to the one just described in the words of 
Capt. Cook; coloured dark blue. 



APPENDIX. 


203 


Eotoumah, 13 0 S., 179 0 E.—From the chart in Duperrey’s 
atlas, I thought this ish was encircled, and had coloured it 
blue, but the Chev. Dillon assures me that the reef is only 
a shore or fringing one; red. 

Independence Isl., io° S., 179 0 E., is described by Mr. G. 
Bennett ( United Service Journ 1831, part ii. p. 197) as a 
low island of coral-formation; it is small, and does not 
appear to contain a lagoon, although an opening through 
the reef is referred to. A lagoon probably once existed, 
and has since been filled up; left uncoloured. 

Ellice Group. — Oscar, Peysier , and Ellice Isids. are 
figured in Arrowsmith’s chart of the Pacific (corrected to 
1832) as atolls, and are said to be very low; blue.— 
Nederlandisch Isld. I am greatly indebted to the kindness 
of Admiral Krusenstern, for sending me the original 
documents concerning this island. From the plans given 
by Capts. Eeg and Khremtshenko, and from the detailed 
account given by the former, it appears that it is a narrow 
coral-island, about two miles long, containing a small 
lagoon. The sea is very deep close to the shore, which is 
fronted by sharp coral-rocks. Capt. Eeg compares the 
lagoon with that of other coral-islands; and he distinctly 
says, the land is “very low.” I have therefore coloured 
it blue. Admiral Krusenstern ( Memoir on the Pacific ,, 
Append., 1835) states that its shores are 80 feet high; this 
probably arose from the height of the cocoa-nut trees, with 
which it is covered, being mistaken for land.— Gran Cocal 
is said in Krusenstern’s Memoir to be low, and to be 
surrounded by a reef; it is small, and therefore probably 
once contained a lagoon; uncoloured.— St. Augustin. 
From a chart and view of it, given in the Atlas of the 
Coquillds Voyage, it appears to be a small atoll, with its 
lagoon partly filled up; coloured blue. 
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Gilbert Group. —The chart of this group, given in the 
Atlas of the Coquillds Voyage, at once shows that it is 
composed of ten well-characterised atolls. In D’Urville 
and Lotting chart, Sydenham is written with a capital letter, 
signifying that it is high; but this certainly is not the 
case, for it is a perfectly characterised atoll, and a sketch, 
showing how low it is, is given in the Coquillds Atlas* 
Some narrow strip-like reefs project from the southern side 
of Drummond atoll, and render it irregular. The southern 
island of the group is called Chase (in some charts, 
Patches); of this I can find no account, but Kir. F, IX 
Bennett discovered (Geografh. Journ., vol. vii. p. 229) 
a low extensive island in nearly the same latitude, about 
three degrees westward of the longitude assigned to 
Botches, but very probably it is the same island Mr. 
Bennett informs me that the man at the masthead reported 
an appearance of lagoon-water in the centre; and, therefore, 
considering its position, I have coloured it blue.— Pitt 
Isld., at the extreme northern point of the group, is left 
uncoloured, as its exact position and nature is not known# 
—Byron Isld., which lies a little to the eastward, does not 
appear to have been visited since Commodore Byron's 
voyage, and it was then seen only from a distance of 18 
miles; it is said to be low; uncoloured. 

Ocean, Pleasant, and Atlantic Islds. all He considerably 
to the west of the Gilbert group: I have been unable to find 
any distinct account of them. Ocean Island is written with 
small letters in the French chart, but in Krusenstem’s 
Memoir it is said to be high. 

Marshall Group.—W e are well acquainted with this 
group from the excellent charts of the separate Islands, made 
during the two voyages of Kotzebue ; a reduced one of the 
whole group may be easily seen in Kruseastern f i dtlm % mi 
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in Kotzebue’s Second Voyage . The group consists (with the 
exception of two little islands which probably have had 
their lagoon filled up) of a double row of 23 large and 
well-characterised atolls, from the examination of which 
Chamisso has given us his well-known account of coral- 
formations. I include Gaspar-Eico , or Cornwallis Isld. in 
this group, which is described by Chamisso (Kotzebue’s 
First Voyage , vol. iii. p. 179) “as a low sickle-formed group, 
with mould only on the windward side.” Gaspard Island 
is considered by some geographers as a distinct island lying 
N.E. of the group, but it is not entered in the chart by 
Krusenstern; left uncoloured. In the S.W. part of this 
group lies Baring Island, of which little is known (see 
Krusenstern’s Appendix, 1835, p. 149). I have left it un¬ 
coloured; but Boston Isld. I have coloured blue, as it is 
described (ibid,) as consisting of 14 small islands, which, no 
doubt, enclose a lagoon, as represented in a chart in the 
Coquillds Atlas. —Two islands, Aur Kawen and Gaspar 
Pico , are written in the French chart with capital letters; 
but this is an error, for from the account given by Chamisso 
in Kotzebue’s First Voyage, , they are certainly low. The 
nature, position, and even existence, of the shoals and small 
islands north of the Marshall group, are doubtful. 

New Hebrides. —Any chart, on even a small scale, of 
these islands, will show that their shores are almost without 
reefs, presenting a remarkable contrast with those of New 
Caledonia on the one hand, and the Fidji group on the 
other. Nevertheless, I have been assured by Mr. G. 
Bennett, that coral grows vigorously on their shores; as 
indeed, will be further shown in some of the following 
notices. As, therefore, these islands are not encircled, and 
as coral grows vigorously on their shores, we might almost 
conclude, without further evidence, that they were fringed, 
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and hence I have applied the red colour with rather greater 
freedom than in other instances.— Matthews Pock, an active 
volcano, some way south of the group (of which a plan h 
given in the Atlas of the Astrolabe's Voyage), does not 
appear to have reefs of any kind about it. — Anna torn, the 
southernmost of the Hebrides; from a rough woodcut 
given in the United Service Journal (1831, part iiL p, 
190), accompanying a paper by Mr. Bennett, it appears 
that the shore is fringed; coloured red*— Tanna; Forster* 
in his Observations (p. 22), says Tanna has on its shores 
coral-rock and madrepores; and the younger Forster* 
in his account (vol. ii. p. 269) speaking of the harbour 
says, the whole S.E. side consists of coral-reefs, which are 
overflowed at high-water; part of the southern shore in 
Cook’s chart is represented as fringed; coloured reel.—* 
Jmmer is described ( United Service Journ., 1831, part iff. 
p. 192) by Mr. Bennett as being of moderate elevation, 
with cliffs appearing like sandstone : coral grows in patches 
on its shore, but I have not coloured it; and I mention 
these facts, because Immer might have been thought from 
Forster’s classification {Observations, p, 14), to have been 
a low island or even an oXoVi.—Erromango Isld.; Cook 
{2nd Voyage, vol ii. p. 45, 410 edit) speaks of rocks every- 
where lining the coast, and the natives offered to haul his 
boat over the breakers to the sandy beach: Mr. Bennett, In 
a letter to the editor of the Singapore Ckron., allude# to 
the reefs on its shores. It may, I think, be safely inferred 
from these passages that the shore is fringed in parts by 
coral-reefs; coloured red.— Sandwich Isld., the east coast 
is said (Cook’s 2nd Voyage , vol ii. p. 41) to be low, and to 
be guarded by a chain of breakers. In the accompanying 
chart it is seen to be fringed by a reef; coloured red.—* 
Mallicollo; Forster speaks of the reef-bounded shore: the 
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reef is about thirty yards wide, and so shallow that a boat 
cannot pass over it. Forster also ( Obsermt , p. 23) says, 
that the rocks of the sea-shore consist of madrepore. In 
the plan of Sandwich harbour, the headlands are repre¬ 
sented as fringed; coloured red.— Aurora and Pentecost 
Islds., according to Bougainville, apparently have no reefs; 
nor has the large isld. of S. Espiritu , nor Bligh Isld. or 
Bankd Isld., which latter lie to the N.E. of the Hebrides. 
But in none of these cases have I met with any detailed 
account of their shores, or seen plans on a large scale; and 
it will be evident, that a fringing-reef of only thirty or even 
a few hundred yards in width, is of so little importance to 
navigation, that it will seldom be noticed, excepting by 
chance; and hence I do not doubt that several of these 
islands, now left uncoloured, ought to be red. 

Santa-Cruz Group. — Vanikoro (Fig. 1, PL I.) offers a 
striking example of a barrier-reef: it was first described 
by the Chevalier Dillon, in his Voyage , and was surveyed in 
the Astrolabe; coloured pale blue.— Tikopia and Pataka 
islands appear, from the descriptions of Dillon and 
D’Urville, to have no reefs; Anouda is a low, flat isld., 
surrounded by cliffs (Astrolabe Hydrog. , and Krusenstern, 
MeM. y vol. ii. p. 432); these are uncoloured. Toupoua 
(Otooboa of Dillon) is stated by Capt. Tromelin (Annales 
Marit ., 1829, p. 289) to be almost entirely included in a 
reef, .lying at the distance of two miles from the shore. 
There is a space of three miles without any reef, which, 
although indented with bays, offers no anchorage from the 
extreme depth of the water close to the shore: Capt. 
Dillon also speaks of the reefs fronting this island; 
coloured blue.— Santa-Cruz. I have carefully examined 
the works of Carteret, D’Entrecasteaux, Wilson, and 
Tromelin, and I cannot discover any mention of reefs on 
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its shores; left uncoloured.— Tinakoro is a constantly 
active volcano without reefs.— Mendana Isles (mentioned 
by Dillon under the name of Mammee, etc.); said by 
Krusenstern to be low, and intertwined with reefs. I do 
not believe they include a lagoon; I have left them un¬ 
coloured.— Duff's Islds. compose a small group directed in 
a N.W. and S.E. band; they are described by Wilson 
(p. 296, Miss. Foy., 4to edit.), as formed by bold-peaked 
land, with the islands surrounded by coral-reefs, extending 
about half a mile from the shore; at a distance of a mile 
from the reefs he found only seven fathoms. As I have no 
reason for supposing there is deep water within these reefs, 
I have coloured them red. Kennedy Isld., N.E. of DufPs; 
I have been unable to find any account of it. 

New Caledonia. —The great barrier-reefs on the shores 
of this island have already been described (Fig. 3, Plate 
III.). They have been visited by Labillardibre, Cook, and 
the northern point by D’Urville; this latter part so closely 
resembles an atoll that I have coloured it dark blue. The 
Loyalty group is situated eastward of this island; from 
the chart and description given in the voyage of the 
Astrolabe^ they do not appear to have any reefs; north 
of this group, there are some extensive low reefs (called 
Astrolabe and Beaupi) which do not seem to be atoll* 
formed; these are left uncoloured. 

Australian Barrier-Reef. —The limits of this great 
reef, which has already been described, have been coloured 
from the charts of Flinders and King. In the northern 
parts, an atoll-formed reef, lying outside the barrier, has 
been described by Bligh, and is coloured dark blue. lit 
the space between Australia and New Caledonia, called 
by Flinders the Coral Han Sea, there are numerous reefs. 
Of these, some are represented in Krusensterrfs atlas m 
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having an atoll-like structure; namely, B amp Ion shoal, 
Frederic , Vine or Horse-shoe, and Alert reefs; these have 
been coloured dark blue. 

Louisiade; the dangerous reefs which front and surround 
the western, southern, and northern coasts of this so-called 
peninsula and archipelago, seem evidently to belong to the 
barrier class. The land is lofty, with a low fringe on the 
coast; the reefs are distant, and the sea outside them 
profoundly deep. Nearly all that is known of this group 
is derived from the labours of D’Entrecasteaux and Bou¬ 
gainville : the latter has represented one continuous reef 
ninety miles long, parallel to the shore, and in places as 
much as ten miles from it; coloured pale blue. A little 
distance northward we have the Laughlan Islds., the reefs 
round which are engraved in the atlas of the voyage of the 
Astrolabe , in the same manner as in the encircled islands 
of the Caroline Arch., the reef is, in parts, a mile and a 
half from the shore, to which it does not appear to be 
attached; coloured blue. At some little distance from the 
extremity of the Louisiade lies the Wells reef, described 
in G. Hamilton’s Voyage in H.M.S. Pandora (p. 100): it 
is said, “ We found we had got embayed in a double reef, 
which will soon be an island.” As this statement is only 
intelligible on the supposition of the reef being crescent or 
horse-shoe formed, like so many other submerged annular 
reefs, I have ventured to colour it blue. 

Salomon Archipelago: the chart in Krusenstern’s 
atlas shows that these islands are not encircled, and as 
coral appears from the works of Surville, Bougainville, and 
Labillardifere, to grow on their shores, this circumstance, 
as in the case of the New Hebrides, is a presumption 
that they are fringed. I cannot find out anything from 
D’Entrecasteaux’s Voyage ,, regarding the southern islds. of 

879 
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the group, so have left them uncoloured.— Malayta Isld. in 
a rough MS, chart in the Admiralty has its northern shore 
fringed.-r- Ysabel Isld., the N.E. part of this island, in the 
same chart, is also fringed: Mendana, speaking (Burney, 
vol i. p. 280) of an islet adjoining the northern coast, says 
it is surrounded by reefs; the shores, also, of Port Praslin 
appear regularly fringed .—Choiseul Isld.; in Bougainville’s 
Chart oj ChoisculPay, parts of the shores are fringed by coral- 
reefs.— Bougainville Isld.; according to D’Entrecasteaux the 
western shore abounds with coral-reefs, and the smaller 
islands are said to be attached to the larger ones by reefs; 
all the before-mentioned islands have been coloured red. 
Bouka Islds.; Capt Duperrey has kindly informed me in a 
letter that he passed close round the northern side of this 
island (of which a plan is given in his atlas of the Caquillis 
voyage), and that it was “ garnie d’une bande de rdcifs h 
fleur d’eau adherentes au rivage; ” and he infers, from the 
abundance of coral on the islands north and south of 
Bouka, that the reef probably is of coral; coloured red. 

Off the north coast of the Salomon Arch, there are 
several small groups which are little known; they appear 
to be low, and of coral-formation; and some of them, 
probably have an atoll-like structure; the Chev. Dillon, 
however, informs me that this is not the case with the B. de 
Candelaria .— Outong Java, according to the Spanish navi¬ 
gator, Maurelle, is thus characterised; but this is the only 
one which I have ventured to colour blue. 

New Ireland. —The shores of the S.W. point of this 
island and some adjoining islets, are fringed by reefs, m 
may be seen in the atlases of the voyages of the CoqidUe 
and Astrolabe. M. Lesson observes that the reefs are open 
in front of each streamlet The Duke of YorMs Isld. is 
also fringed; but with regard to the other parts of Nm 
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Ireland,\ New Hanover , and the small islands lying northward, 

I have been unable to obtain any information. I will 
only add that no part of New Ireland appears to be fronted 
by distant reefs. I have coloured red only the above speci¬ 
fied portions. 

New Britain and the Northern Shore of New 
Guinea. —From the charts in the Voyage of the Astrolabe, , 
and from the Hydrog. Memoir , it appears that these coasts 
are entirely without reefs, as are the Schouten islands , lying 
close to the northern shore of New Guinea. The western and 
south-western parts of New Guinea, will be treated of when 
we come to the islands of the East Indian Archipelago. 

- Admiralty Group. —From the accounts by Bougainville, 
Maurelle, D’Entrecasteaux, and the scattered notices col¬ 
lected by Horsburgh, it appears, that some of the many 
islands composing it are high, with a bold outline; and v 
others are very low, small and interlaced with reefs. All 
the high islands appear to be fronted by distant reefs rising 
abruptly from the sea, and within some of which there is 
reason to believe that the water is deep. I have therefore 
little doubt they are of the barrier class.—In the southern 
part of the group we have Elizabeth isld ., which is sur¬ 
rounded by a reef at the distance of a mile; and two miles 
eastward of it (Krusenstern, Append, 1835, P* 4 2 ) there is 
a little island containing a lagoon.—Near here, also, lies 
Circular-reef (Horsburgh, Direct vol. i. p. 691, 4th edit.), 

M three or four miles in diameter having deep water inside 
with an opening at the N.N.W. part, and on the outside 
steep too.” I have from these data, coloured the group pale 
blue, and circular-reef dark blue.—The Anachoriies , Ecke- 
quier> and Hermites i consist of innumerable low islands of 
coral-formation, which probably have atoll-like forms; but 
not being able to ascertain this, I have not coloured 
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them, nor Durour is/d 1 , which is described by Carteret 
as low. 

The Caroline Arch, is now well known, chiefly from 
the hydrographical labours of Lutk£; it contains about forty 
groups of atolls, and three encircled islands, two of which 
are engraved in Fig. 3, Plate I., and Fig. 3, Plate II. Com¬ 
mencing with the eastern part; the encircling reef round 
Ualett appears to be only about half a mile from the shore; 
but as the land is low and covered with mangroves ( Voyage 
autour du Monde^ par F. Lutkd, voL i. p. 339), the real 
margin has not probably been ascertained. The extreme 
depth in one of the harbours within the reef is thirty-three 
fathoms (see charts in atlas of Coquittds voyage), and out¬ 
side at half a mile distant from the reef, no bottom was 
obtained with 250 fathoms. The reef is surmounted by 
many islets, and the lagoon-like channel within is mostly 
shallow, and appears to have been much encroached on by 
the low land surrounding the central mountains; these 
facts show that time has allowed much detritus to accu¬ 
mulate; coloured pale blue.— Pouyniplte, , or Seniavine. In 
the greater part of the circumference of this island, the reef 
is about one mile and three quarters distant; on the north 
side it is five miles off the included high islets. The reef 
is broken in several places; and just within it, the depth 
in one place is 30 fathoms, and in another, 28, beyond 
which, to all appearance, there was “un porte vaste et sur” 
(Lutkd, vol. iu p. 4); coloured pale blue.— Hogoleu or 
Roug. This wonderful group contains at least 62 islands, 
and its reef is 135 miles in circuit Of the islands, only 
a few, about six or eight (see Hydrog. Description, p. 428, 
of the Voyage of the Astrolabe , and the large accompanying 
chart taken chiefly from that given by Duperrey) are high, 
and the rest are all small, low, and formed on the reeC 
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The depth of the great interior lake has not been ascer¬ 
tained; but Captain D’Urville appears to have entertained 
no doubt about the possibility of taking in a frigate. The 
reef lies no less than fourteen miles distant from the 
northern coasts of the interior high islds., seven from their 
western sides, and twenty from the southern; the sea is 
deep outside. This island is a likeness on a grand scale 
to the Gambier group in the Low Archipelago. Of the 
groups of low 1 islands forming the chief part of the 
Caroline Archipelago, all those of larger size, have the true 
atoll-structure (as may be seen in the atlas by Captain 
Lutk£), and some even of the very small ones, as 
Macaskill and Duperrey , of which plans are given in the 
atlas of the Coquillis voyage. There are, however, some 
low small islands of coral-formation, namely, Ollap , Tama- 
tam , Bigali % Satahoual , which do not contain lagoons; 
but it is probable that lagoons originally existed, but have 
since filled up: Lutkd (vol. ii. p. 304) seems to have 
thought that all the low islands, with only one exception, 
contained lagoons. From the sketches, and from the 
manner in which the margins of these islands are engraved 
in the atlas of the voyage of the Coquille , it might have 
been thought that they were not low; but by a comparison 
with the remarks of Lutkd (vol. ii. p. 107, regarding Bigali) 
and of Freycinet (Hydrog. Memoir EUranie Voyage , p. 188, 
regarding Tamatam, Ollap, etc.), it will be seen that the 
artist must have represented the land incorrectly. The 
most southern isld. in the group, namely Piguiram. , is not 
coloured, because I have found no account of it. Nougouor , 
or Monte Verdison , which was not visited by Lutkd, is 

t In D’Urville and Lot tin's chart, Peserare is written with capital 
letters j but this evidently is an error, for it is one of the low islets on 
the reef of Namonouyto (see Lutk^’s charts),—a regular atoll. 






214 


appendix. 


described and figured by Mr. Hewlett (United .Sendee 
Journal, Jan. 1832) as an atoll. All the aljove-mcntioned 
islands have been coloured blue. 

Western Part of tiik (‘ \ nonxu Aitnnw 
Fais Island is ninety feet high, and is narrotindvcl, m I 
have been informed by Admiral I.uikt*, by a narrow reef 
of living coral, of which the brmdcM put, as refirescnted 
in the charts, is only 150 yard i; rolomrd red. —Philip 
Isld., I believe, is low; hot Hnntvr, m his ilhlmmt 
Journal \ gives no clear account of it; niical-itireiL —hltm * 
from the manner in which the islets on the reef* are 
engraved, in the atlas of the /Islnltdts voyage, I should 
have thought they were above the ordinary hcLdit* but 
Admiral Lutk<$ assures me tills in not the mm : they form 
a regular atoll; coloured blue.- -(Ion up {/imp of Clummm) 
is a high island with a reef (see chart in of Atirofak), 
more than a mile distant in mo ;4 farts from tin* shore, 
and two mites in one part Capt D’Urville ihmfc* that 
there would be anchorage (II) drag, IhuripK Asimh/i 
Voyage, p. 436) for ships within the reef, if a passage could 
be found; coloured pale blue.— Gouku^ (mm the chart 
in the Astrolabe's atlas, appears to be an atoll D’Urville 
(Hydrog. Descript, p. 437) speaks of the low iVlets on 
the reef; coloured dark blue. 

Pelew Islds.—K rusenstern speaks of , mtm of the 
islands being mountainous; the reef4 ate dktant from the 
shore, and there are spaces within them, and not opjmite 
.valleys, with from ten to fifteen fathoms According lo 
% MS. chart of the group by Lieut. Elmer in the Admiralty, 
there is a large space within tlu? reef with «kt*pMt water ; 
although the high land does not hold a mala! position 
with respect to the reefs, as is generally the case, I have 
little doubt that the reels of the Pelew Islands ought to 
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be ranked with the barrier class, and I have coloured them 
pale blue. In Lieut. Elmer's chart there is a horse-shoe- 
formed shoal, laid down thirteen miles N.W. of Pelew, 
with fifteen fathoms within the reef, and some dry banks 
on it; coloured dark blue.— Spanish, Mar tires, Sanserot, 
Pulo Anna, and Mariere Islands are not coloured, because 
I know nothing about them, excepting that according to 
Krusenstern, the second, third, and fourth mentioned, are 
low, placed on coral-reefs, and therefore, perhaps, contain 
lagoons; but Pulo Mariere is a little higher. 

Mariana Archipelago, or Lad rones. — Guahan. 
Almost the whole of this island is fringed by reefs, which 
extend in most parts about a third of a mile from the land. 
Even where the reefs are most extensive, the water within 
them is shallow. In several parts there is a navigable 
channel for boats and canoes within the reefs. In 
Freycinet’s Hydrog. Mem. there is an account of these reefs, 
and in the atlas, a map on a large scale; coloured red.— 
Mota. “ L'ile est presque entitlement entourbe des rdcifs” 
(p. 212, Freycinefg Hydrog. Mem.). These reefs project 
about a quarter of a mile from the shore ; coloured red.—> 
Tinian. The eastern coast is precipitous, and is without reefs; 
but the western side is fringed like the last island; coloured 
red.— Saypan. The N.E. coast, and likewise the western 
shores appear to be fringed; but there is a great, irregular 
horn-like reef projecting far from this side; coloured red. 
—Farallon de Mediniila appears so regularly and closely 
fringed in Freycinet's charts, that I have ventured to 
colour it red, although nothing is said about reefs in the 
Hydrographical Memoir. The several islands which form 
the northern part of the group are volcanic (with the 
exception perhaps of Torres, which resembles in form the 
nmdreporitic island of Mediniila), and appear to be without 
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radk- -however, is de.nih* d (Uy i Vy \n \ t p, 21 % 
ffydr&j;*) from miiio* Spanish thmi », as f *nm 1 of wm\\ 
i.iliiiMis plurnl 11 an tiiikti d*% nmnlrrut ns n t; ” iiikS an 

I lie Hi* reefs in the general chart of tW group dn l;#t| ptnjeet 
m fiiiiiIt an a mile; mil a* there k no appear nw** from a 
dtnilik lim*, of ilit* existcnee of d***p %vao ? v.ithm, I have 
ventured, although with tuw li It* d’.atr-n, to * *4onr flew 
loci, C‘f ling and J/ars W/ hU\« which 1st! 

tmw? way caul of tin* M arming I tin lift*! ml undf»|r, 
excepting that they ate probably low, Krieoric tern mf% 
this of Marshall Ishl.; tml 1 ubmr 144, it wntirii with 
Miial! I lit its its IPOrvilkS * loitf; nmoimired. 

Homin or Av/tmu>m th^vp JWt /M Lo bean 
examined liy C!ii|#i, Pm hrv t to whose V indue % 1 am much 
indebted for giving me information r« f noliiig it: m At fort 
Lloyd there k a gins! deal of rural; ami Ik* inner It nWir 
k entirely fmnu d by uira! rirL, which exOnd outside the 
port along liio coast” Cap!* Ifrrrhey, in another part of 
liii letter to me, allude# to the m fs fringing the island m 
all directions; hut at the same tmm it f mi a lit* nfnerved 
that the surf washes the voh mk ru* Is of tV 1 m4 m tit 
greater part of its vlmmkmnm** I do not know whether 
the other islands of the Archipelago are fringed \ f have 
coloured Peel kid* rrd*» (tram/m JW to the ruHard, 
doe# not appear (Meaic** f p* ijsi to have mif m*fa, 
nor does Mmarm hid (Hum t*n\k£\ 1 lwt?if # which Sh u to 
the westward. Resjrcting the few other « 4 du lit thk part 
of the namely the Ai#^/n#r Miu % with an mtim 
volcano, and those tying between lUmm md Japan (which 
are situated near the extreme limit fit latitude* at wltif h reefs 
are formed), 1 law not \mm aide to find any dear arc mmh 

Wwi Emd or New Guimxa, —/l#rl /Avr Prom the 
chart# in the Vn%%$ # Me C$qmfk % it would appear tfmt 
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the coast in this part is fringed by coral-reefs; M. Lesson, 
however, remarks that the coral is sickly; coloured red.— 
Waigiou. A considerable portion of the northern shores 
of these islands is seen in the charts (on a large scale) in 
Freycinefs Atlas to be fringed by coral-reefs. Forrest 
(p. 21, Voyage to New Guinea) alludes to the coral-reefs 
lining the heads of Piapis Bay; and Horsburgh (vol. ii. p. 
599, 4th edit), speaking of the islands in Darapier Strait, 
says u sharp coral-rocks line their shores; ” coloured red.— 
In the sea north of these islands, we have Guedes (or 
Freewill* or St David's), which from the chart given to 
the 4to edit, of Carteret's Voyage, must he an atoll. 
Krusenstcrn says the islets are very low; coloured blue.— 
Cartenfs Skoals, in 2' 53' N., are described as circular, 
with stony points showing all round, with deeper water in 
the middle; coloured blue. — Aiou; the plan of this group, 
given in the atlas of the voyage of the Astrolabe , shows 
that it is an atoll; and, from a chart in Forrest's Voyage , it 
appears that there is twelve fathoms within the circular 
reef; coloured blue.—-The S.W. coast of New Guinea 
appears to be low, muddy, and devoid of reefs. The Arm, 
Timer-laut, and Tentm&er groups have lately been examined 
by Capt Kolff, the MS. translation of which, by Mr. W. 
Earl, I have been permitted to read, through the kindness 
of Capt Washington, R.N. These ’islands are mostly 
rather low, and are surrounded by distant reefs (the Ki 
Islands* however, are lofty, and, from Mr. Stanley's survey, 
appear without reefs) ; the sea in some parts is shallow, in 
others profoundly deep (as near Larrat). From the imper¬ 
fection of the published charts, I have been unable to 
decide to which class these reefs belong. From the 
distance to which they attend from the land, where the sea 
is very deep, I am strongly inclined to believe they ought 
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to come within flit* barrier t U a, nnd hi* ««!oi?it d Une; 1ml 
I haw trim forced to h tvc them uin (domed 1 hr* bat¬ 
men tinned groups an* connected with the o,vt i*ml of 
Ceram by a chain of * in ill t land , of wh.Vh tW wmli 
groups of ( 'Mam lwt t 6 Wfttn, and AVyw; urroutnh it 

by very extensive retfy pi Jet the* iota tbo p waitr, which* 
as in the last rase, 1 strongly str^r* t b doin' to the larrier 
class; but I have not colour*, d thorn, hrmi tbe south side 
of Kefting, the reefs piojed live nthri (Windsor Larib 
Sti/Yt//# Dirut far tht Antfitra A> /* p. «>), 

Ckham. -In various charts wlm h 1 have* i »tniiii*il f 
several parts of the coast a*t. rcpu\%i riled as fringed by 
reek ' Mump® I land* belwi i ii Ceram and ikmrou* in m 
old MS, chart in the Admiralty* k bin **4 by a very 
irregular reef* partly dry at low water, wbh h I do ?t *4 fJmibt 
is of com! formation ; both inlands t oktiml red Pmrm; 
paits of this island app nr fringed by * ora! n^;ts ( namely* 
the eastern coast, as Mam in f'reyi trrt% * hart \ and C »tjeii 
Pay % which ii said by I for bur^h (vob ii p Ojo) to tm 
lined by com! reefs, that sift fell out a little way* and have 
only a few fet t water on them, fit »mMl tloitt^ portions of 
the Mauds forming tin: Anunus firmware fiitigril by reefs; 
for instance* Aivm* and l \mkr % in Freyetnatfs 

charts. The abovc-menftontd sdarnb liati? benn coloured 
red, although the evidence b not v ry uthiartory*'—North 
of Ilotiroti tint parallel line of the XttDa Isles c%u*mh : 1 have 
not been able to find out anything about them* excepting 
that Uorsburgh (vol Si, p 543) sayn that the mitt hem shore 
is surrounded by a reef at tbedutaoee erf two or three miles; 
uiicolotired— Grm^ the Kanary bland? are sitWI 
by Forrest p* 130} to lit divided front cai.lt other 

by deep straits* and are lined with coral rocki | coloured 
ltd— 6ta&r, lying between Waigiou and Gilok* is engraved 
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as if fringed; and it is said by Freycinet, that all the 
soundings under five fathoms were on coral; coloured red.—• 
Gilolo. In a chart published by Dalrymple, the numerous 
islands on the western, southern ( Batchian and the Strait of 
Patimtia ), and eastern sides appear fringed by narrow reefs ; 
these reefs, I suppose, are of coral, for it is said in Malte 
Bran (vol. xiL p. 156), “ Sur les cotes (of Batchian) comme 
dans ks plupart des iles de cet archipel, il y a de rocs 
de madrepores d'une beauts et d'une varied infinies.” 
Forrest, also (p. 50), says Seland, near Batchian, is a little 
island with reefs of coral; coloured red.— Moriy Island 
(north of Gilolo) ; Horsburgh (vol. ii. p. 506) says the 
northern coast is lined by reefs, projecting one or two miles, 
and having no soundings close to them; I have left it 
uncoloured* although, as in some former cases, it ought 
probably to be pale blue.— Celebes. The western and 
northern coasts appear in the charts to be bold and with¬ 
out reefs. Near the extreme northern point, however, an 
islet in the Straits of Limfa, and parts of the adjoining 
shore, appear to be fringed : the east side of the bay 
of Manado, has deep water, and is fringed by sand and 
coral (Jstrol Voyage, Hydrog. Part, pp. 453-4); this 
extreme point* therefore, I have coloured red.—Of the 
Wands leading from this point to Magindanao, I have 
not been able to find any account, except of Serangami, 
which appears surrounded by narrow reefs; and Forrest 
(Voyage, p. 164) speaks of coral on its shores; I have, 
therefore* coloured this island red. To the eastward of 
this chain lie several islands ; of which I cannot find any 
account, except of Karkalang, which is said by Horsburgh 
(vol il p. 504) to be lined by a dangerous reef, projecting 
several miles front the northern shore; not coloured. 

Islands isar Timor.—T he account of the following 
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islands is taken from CapL IK Eolff * Pirn#/, in 1B25, 
translated by Mr. W. Earl, from the Dumb.-. Dm has 

“ reefs extending along shore at the distaw*** «#f h df a mile 
from the land, 1 — Mm has nrh on tin: S. W. part, Lakar 
has a reef lining its shore ; these island > an, t*■ lowed r< cl * 
Still more eastward, I jam has, difirami'y in mi the h%b 
mentioned islands, an extensive reel ; it E uu rp outside, 
and within there is a depth of twelve feet ; from thi y* facts, 
it is impossible to decide to with 1» ckm ihi * e*t«i#il Mongs, 
— JCissa, off the point of Timor* ha* its *%!i«ir<: homed by 
a reef, steep too on the out* r side, tm r whi< h * mall proah* 
can go at the time of high wafer;" 1 coloured red,. 
most of the points, and sotm rtMisiderahle njmccs of the 
northern shore, are seen in I'rcyc tnei'i* v hail to Im fringed 
by coral-reefs; and mention h mad* of them in the 
accompanying if maw ; rohwiid S.fi* 

of Timor, appears in Flindm 1 chart Pi lie fringed ; Inn 
I have not coloured it, as I do wot L imw that die rich* are 
of coraL— San&aimtwd Isld lias, amiuitng to lint*,burgh 
(voi il p. 607), a reef on ill southern shore, four inilY* 
distant from the land; m the neighbouring am is drrjt, and 
generally bold, this probably k a barrier reef, but I have not 
ventured to colour it 

N.W, Coast or AmtUAUA^lt appears, fit Opt. K*ng% 
Sailing Directions (Narrative 0/iwrvty, vol ih pp, 325 3%), 
that there are many extensive coral-reefs ftkirtiug, often at 
considerable distance*, the N.W tJioiei, m id gficiuiipavdrtg 
the small adjoining islets* Deep waftr, in no instance, k 
represented in the charts between then? reef* and the land ; 
aitd, therefore, they probably belong to the fringing dm% 
But m they extend far into the %ca f winch is generally 
shallow, even in places where the land seems to be sornt* 
what precipitous; 1 have not coloured them, Utmmm'i 
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Ahrolhos (lat. 28* S. on west coast) have lately been 
surveyed by Capt. Wickham (as described in Naut Mag., 
1841, p. 511): they lie on the edge of a steeply shelving 
bank, which extends about 30 miles seaward, along the 
whole line of coast The two southern reefs, or islands, 
enclose a lagoon-like space of water, varying in depth from 
S to 15 fathoms, and in one spot with 23 fathoms. The 
greater part of the island has been formed on their inland 
sides, by the accumulation of fragments of coral; the sea¬ 
ward face consisting of nearly bare ledges of rock. Some 
of the specimens, brought home by Capt Wickham, con¬ 
tained fragments of marine shells, but others did not; and 
these closely resembled a formation at King George’s 
Sound, principally due to the action of the wind on 
calcareous dust, which I shall describe in a forthcoming 
part From the extreme irregularity of these reefs with 
their lagoons, and from their position on a bank, the usual 
depth of which is only 30 fathoms, I have not ventured 
to class them with atolls, and hence have left them un- 
coloured.— Rowley Shoals. These lie some way from the 
N.W, coast of Australia: according to Capt. King (JVarra- 
live of Survey, voL L p. 60), they are of coral-formation. 
They rise abruptly from the sea, and Capt. King had no 
bottom with 170 fathoms close to them. Three of them 
are crescent-shaped; they are mentioned by Mr. Lyell, on 
the authority of Capt King, with reference to the direction 
of their open sides* 11 A third oval reef of the same group 
is entirely submerged ” {Principles of Geolog., book iiL 
chap xviiL) ; coloured blue.— Scolfs Reefs, lying north of 
Rowley Shoals, are briefly described by Capt Wickham 
(Mml Mag., 1841, p. 440)1 they appear to be of great 
slit, of a circular form, and “ with smooth water within, 
forming probably a lagoon of great extent” There is a break 
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on itic western side, where there probably r* an entrance: 

the water m very det p oil these m*F; t oh mo d Line. 

Proceeding westward along the prta* vol» -mic chain of 
the Fast Indian Archipelago, AWV Suaif i . repmamicd in 
a chart published by Ilaltyiii|dir from a Ihtuh MH,, m 
fringed; as are parti of /7i.m, of A do* am t ami of Ardm 
Horshurgh speaks of coral growing on th*“-:e bum*; am! 
therefore I have no doubt that the re^H am of twaf, and 
accordingly have coloured them red, We Srar from 
Horsburgh (vo! ih p. 6uj) flat a nirakllat honmk tlir 
shores of Ahr/v Hay. From tite same authnnty if appears 
(p, fiio) that m.F fringe the island of limor* Fo##pf y on 
the N. shore of Smnhawa; and, likewise (p, 6 on), that 
town in Dmbofk % is front'd by a reel* arm long 
along the shore at a distance of a hundrH tel horns, with 
channels through it for boats; them pie *% therefore, have 
been coloured red.- flaffa kid* lit a Dutch MB, chart on 
a large rale of Jnvt, which man brought from that blind 
by Dr. Horeficld, who had the kmdivm* to show ti me at 
the India House, its western, northern, and wiittltati 
shores appear very regularly fbirgnl by a m-f (hv«* also 
Horsburgh, vol. ii. p. 593); and a * coral k found ahiind 
swtly there, I have not the least doubt licit tic? reef k of 
coral, and therefore have coloured it ml 

Java.—M y information regarding the m*U of tSifi great 
island 11 derived front the chart Just tiiimfbftcd lira 
greater part of Madam is represented in it m regularly 
fringed, and likewise port torsi of the cr mi of jhiv* 
diately south of it Dr. Ilornfiekl informs in* that rofJ 
is very abundant near * 5 imtafaya* The inlet* ami parts of 
the N. coast of Java, west of /k>#/ m Jafiam, aw 

fringed t#y reefs, said to he of rorat. hmktk k or ifaw\w 
Is/anJf, lying at some distance from the ilttyte of Java, 
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arc regularly fringed by coral-reefs. Carimon Java appears 
equally so, though it is not directly said that the reefs are 
of coral; there is a depth between 30 and 40 fathoms 
round these islands. Farts of the shores of Sunda Sir., 
where the water is from 40 to 80 fathoms deep, and the 
islets near Batavia appear in several charts to be fringed. 
In the Dutch chart the southern shore, in the narrowest 
part of the island, is in two places fringed by reefs of coral. 
West of Segorrowodee Bay, and the extreme S.E. and E. 
portions are likewise fringed by coral-reefs; all the above- 
mentioned places coloured red. 

Macassar Sir, ; the east coast of Borneo appears, in most 
parts, free from reefs, and where they occur, as on the east 
coast of Pamaroon ;% the sea is very shallow; hence no part 
is coloured- In Macassar Sir., itself, in about lat. a 0 S., 
there are many small islands with coral-shoals projecting 
far from them. There are also (old charts by Dalrymple) 
numerous little flats of coral, not rising to the surface of the 
water, and shelving suddenly from five fathoms to no 
bottom with fifty fathoms; they do not appear to have a 
lagoon like structure. There are similar coral-shoals a little 
farther south; and in lat. 4* 55' there are two, which are 
engraved from modem surveys, in a manner which might 
represent an annular reef with deep water inside; Capt. 
Moresby, however, who was formerly in this sea, doubts 
this fact, so that I have left them uncoloured: at the same 
time I may remark, that these two shoals make a nearer 
approach to the atoll-like structure than any other within 
the E. Indian Arch. Southward of these shoals there are 
other low islands and irregular coral-reefs; and in the space 
of sea, north of the great volcanic chain, from Timor to 
Java, we have also other islands, such as the Postillions, 
K*ta$oa % Tohan-Bmm, etc., which are chiefly low, and are 
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surrounded by very irregular ami divtmit u if,. From llr 
iinperfirl charts I .‘.mn, I 3 j;h e n*4 h<vn able to 

decide whether they beltmg to tlir ntoSJ m barrier rhvits, 
or whether they iiiircly frhifto Mibmarinc kmU, and gently* 
sloping land. In the Day of //. w// t lntw< j tn the two 
southern mm of Cekbr*, there are iiwikimi** coral reefs; 
but mme oi them mein in have an atoll lib* structure. 1 
have, therefore, not coloured any of the i .lam! * in Ut « part 
of the sea; I think it, howmur, excmlsnoy pmbjilih* that 
some of them might to lie blue. 1 nviy add that there ka 
harbour on the S, E. coma of (l ut^n whi* a, a* ^mdiug u> stu 
old chart, if formed by a reef, pmflel in the dm re, with 
deep water within ; anti in the voyago of dm 
1 retail curing i d at ids are rep?* vmtol wafi to i < 4 $ tod way 
distant, but 1 do not know whether with deep water wiiini. 
1 have not thought the evidence m\U* amt to {jcrmtl me to 
colour them* 

Sumatra,—*! htititiiefiiisig with the west o «r*t ami outlying 
islands, Mn^am /i/i k riijrcf»eiitt,%l m list puhlnhetf 1 lari 
ns surrounded by a narrow reef, and XapiVq hi Uk fiiilitig 
directions, spraks of the reef being of cum l fa ho Ilrurdnirgb, 
voL !i, p its); coloured red. • *M if PM* IV jf r S ) u mt* 
rounded by reefs ol coral, partly dry *t Ibw water (Horn* 
burgh, vol, IL p„ 96)*— Trkik 2* &). *11ie sli«« 

in represented in a chart which I wt at the IihIm !!*»«, 
as fringed in mth a manner, that I fed mtm the fringe con* 
*ist« of coral | but as the bland U vi h>w, that the* net 
somttinu* flows quite over it (Ikimpier* veil l 

p* 4J4% I have not coloured it*— /%/# /U*rt {U& /), In 
an old clitifi it 11 mid there ate fliraitt tit tli«? reefs rwitil 
the island, admitting boats to i1§» watningqilarr, «tic! ifart 
tin# loutltem iiet cwiM»t* of a mm® of mud and cord.— 
/%/e Pi$mg} Hmthutgh (ml ii p, B6J my$ tlit tl#e rocky 
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coral-bank, which stretches about forty yards from the shore, 
is steep to all round: in a chart, also, which I have seen, 
the island is represented as regularly fringed.— Pulo Mintao 
is lined with reefs on its west side (Ilorsburgh, vol ii. 
p. 107).— Pulo Baniak ; the same authority (vol ii. p. 105), 
speaking of a part, says it is faced with coral-rocks.— 
Minguin (3° 36' N.). A coral-reef fronts this place, and 
projects into the sea nearly a quarter of a mile (Notices of 
the Indian AtcL f published at Singapore, p. 105).— Pulo 
Brassa (5° 46' N.). A reef surrounds it at a cable's length 
(Horsburgh, vol. ii. p. 60). I have coloured all the above- 
specified points red. I may here add, that both Horsburgh 
and Mr. Moor (in the Notices just alluded to) frequently 
speak of the numerous reefs and banks of coral on the west 
coast of Sumatra ; but these nowhere have the structure of 
a barrier-reef, and Marsdcn (IIt story of Sumatra) states, 
that where the coast is flat, the fringing-reefs extend furthest 
from it The northern and southern points, and the greater 
part of the east coast, are low, and faced with nmd banks, 
and therefore without coral 

Nicobar Island —The chart represents the islands of 
this group as fringed by reefs. With regard to Great 
Nicobar^ Capt. Moresby informs me, that it is fringed by 
reefs of coral, extending between 200 and 300 yards from 
the shore. The Northern Mcdmn appear so regularly 
fringed in the published charts, that 1 have no doubt the 
reefs are of coral This group, therefore, is coloured red. 

Andaman Islands. From an examination of the MS. 
chart, on a large scale, of this island, by Capt Arch. Blair, in 
the Admiralty, several portions of the coant appear fringed ; 
and m Ilorsburgh speaks of coralreefs being numerous in 
the vicinity of these islands, I sli mid have coloured them 
red, had not some expressions in a paper lit the Asiatic 

880 
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Researches (vol. iv. p. 402) led me to doubt the existence of 
reefs; uncoloured. 

The coast of Malacca, Tenasserim, and the coasts north¬ 
ward, appear in the greater part to be low and muddy: 
where reefs occur, as in parts of Malacca Straits, and near 
Singapore, they are of the fringing kind; but the water is 
so shoal, that I have not coloured them. In the sea, how¬ 
ever, between Malacca and the west coast of Borneo, where 
there is a greater depth from 40 to 50 fathoms, I have 
coloured red some of the groups, which are regularly 
fringed. The northern Natunas and the Anamhas Islds* 
are represented in the charts on a large scale, published in 
the Atlas of the Voyage of the Favourite, as fringed by reefs 
of coral, with very shoal water within them.— Tumbelan and 
Bunoa Islds. (i° N.) are represented in the English charts as 
surrounded by a very regular fringe.— St. Barbes (o’ 15' N.) 
is said by Horsburgh (vol ii. p. 279) to be fronted by a 
reef, over which boats can land only at high water.—The 
shore of Borneo at Tunjong Apee is,also fronted by a reef, 
extending not far from the land (Horsburgh, vol. iL p. 468)* 
These places I have coloured red; although with some 
hesitation, as the water is shallow. I might perhaps have 
added Pulo Leaf, in Gaspar Str., Lucepara, and Carimata; 
but as the sea is confined and shallow, and the reefs not 
very regular, I have left them uncoloured 

The water shoals gradually towards the whole west coast 
of Borneo: I cannot make out that it has any reefs of coral 
The islands, however, off the northern extremity, and near 
the S.W. end of Palawan, are fringed by very distant coral- 
reefs ; thus the reefs in the case of Balabac are no less than 
five miles from the land ; but the sea, in the whole of this 
district, is so shallow, that the reefs might be expected to 
extend very far from the land. 1 have not, therefore^ 
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thought myself authorised to colour them. The N.E. 
point of Borneo, where the water is very shoal, is con¬ 
nected with Magindanao by a chain of islands called the 
Sooloo Archipelago, about which I have been able to obtain 
very little information; Pangootaran, although ten miles 
long, entirely consists of a bed of coral-rock ( Notices of E. 
Indian Arch., p. 58): I believe from Horsburgh that the 
island is low; not coloured.— Tahow bank, in some old 
charts, appears like a submerged atoll; not coloured. 
Forrest ( Voyage, p. 21) states that one of the islands near 
Sooloo is surrounded by coral-rocks; but there is no distant 
reef. Near the S. end of Basselan, some of the islets in 
the chart accompanying Forrest's Voyage, appear fringed 
with reefs; hence I have coloured, though unwillingly, 
parts of the Sooloo group red. The sea between Sooloo 
and Palawan, near the shoal coast of Borneo, is interspersed 
with irregular reefs and shoal patches; not coloured: but 
in the northern part of this sea, there are two low islets, 
Cagayanes and Cavilli, surrounded by extensive coral-reefs; 
the breakers round the latter (Horsburgh, vol. ii. p. 513) 
extend five or six miles from a sandbank, which forms the 
only dry part; these breakers are steep to outside; there 
appears to be an opening through them on one side, with 
four or five fathoms within: from this description, I 
strongly suspect that Cavilli ought to be considered an 
atoll; but, as I have not seen any chart of it, on even a 
moderately large scale, I have not coloured it. The islets 
off the northern end of Palawan, are in the same case as 
those off the southern end, namely, they are fringed by 
reefs, some way distant from the shore, but the water is 
exceedingly shallow; uncoloured. The western" shore of 
Palawan will be treated of under the head of China Sea. 

Philippine Archipelago.— A chart on a large scale of 


228 


APPENDIX. 


Appoo Shoals which lies near the S.E. coast of Mindoro, 
has been executed by Capt. D. Ross : it appears atoll- 
formed, but with rather an irregular outline; its diameter 
is about ten miles; there are two well-defined passages 
leading into the interior lagoon, which appears open ; close 
outside the reef all round, there is no bottom with seventy 
fathoms; coloured blue.— Mindoro: the N.W. coast is 
represented in several charts, as fringed by a reef, and 
Luban Tsld. is said, by Horsburgh (vol. ii. p. 436), to be 
“ lined by a reef.”— Luzon: Mr. Cuming, who has lately 
investigated with so much success the Natural History of 
the Philippines, informs me, that about three miles of the 
shore north of Point St. Jago, is fringed by a reef; as are 
(Horsburgh, vol. ii. p. 437) the Three Friars off Silanguin 
Bay. Between Point Capones and Play a Honda, the coast is 
“lined by a coral-reef, stretching out nearly a mile in some 
places” (Horsburgh); and Mr. Cuming visited some fringing- 
reefs on parts of this coast, namely, near Puebla, I ha, and 
Mansinglor. In the neighbourhood of Solon-solon Bay, 
the shore is lined (Horsburgh, ii. p. 439) by coral-reefs, 
stretching out a great way: there are also reefs about the 
islets off Solamague; and as I am informed by Mr. Cuming, 
near St Catalina, and a little north of it The same 
gentleman informs me there are reefs on the S.E, point 
of this island in front of Samar, extending from Maklabon 
to Bulusan. These appear to be the principal fringing-reefs 
on the coasts of Luzon; and they have all been coloured 
red. Mr. Cuming informs me that none of them have 
deep water within; although it appears from Horsburgt? 
that some few extend to a considerable distance from the 
shore. Within the Philippine Archipelago, the shores of 
the islands do not appear to be commonly fringed, with 
the exception of the S. shore of Masbait, and nearly the 
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whole of Bohol; which are both coloured red. On the S. 
shore of Magindanao, Bunwoot Isld. is surrounded (accord¬ 
ing to Forrest, Voyage ,, p. 253) by a coral-reef, which in the 
chart appears one of the fringing class. With respect to 
the eastern coasts of the whole Archipelago, I have not 
been able to obtain any account. 

Babuyan Islands. —Horsburgh says (vol. ii. p. 442), 
coral-reefs line the shores of the harbour in Fuga; and 
the charts show there are other reefs about these islands. 
Camiguin has its shore in parts lined by coral-rock 
(Horsburgh, p. 443); about a mile off shore there is 
between 30 and 35 fathoms. The plan of Port San Pio 
Quinto shows that its shores are fringed with coral; 
coloured red.— Bashee Islands : Horsburgh, speaking of 
the southern part of the group (vol. ii. p. 445), says the 
shores of both islands are fortified by a reef, and through 
some of the gaps in it, the natives can pass in their 
boats in fine weather; the bottom near the land is coral- 
rock. From the published charts, it is evident that several 
of these islands are most regularly fringed; coloured red. 
The northern islands are left uncoloured, as I have been 
unable to find any account of them.— Formosa. The 
shores, especially the western one, seem chiefly composed 
of mud and sand, and I cannot make out that they are 
anywhere lined by reefs; except in a harbour (Horsburgh, 
voL ii. p. 449) at the extreme northern point: hence, of 
course, the whole of this island is left uncoloured. The 
small adjoining islands are in the same case.— Patchow, 
or Madjiko-Sima Groups. Patchuson has been described 
by Capt Broughton (Voy. to the M Pacific ,; p. 191); he 
says, the boats, with some difficulty, found a passage 
through the coral-reefs, which extend along the coast, nearly 
half a mile off it The boats were well sheltered within the 
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reef; but it does not appear that the water is deep there. 
Outside the reef the depth is very irregular, varying from 
five to fifty fathoms; the form of the land is not very 
abrupt; coloured red.— Tayj)in-san ; from the description 
given (p. 195) by the same author, it appears that a very 
irregular reef extends, to the distance of several miles, from 
the southern island; but whether it encircles a space of 
deep water is not evident; nor, indeed, whether these 
outlying reefs are connected with those more immediately 
adjoining the land; left uncoloured. I may here just add 
that the shore of Kumi (lying west of Patchow) has a 
narrow reef attached to it in the plan of it, in La Peyrouse's 
atlas; but it does not appear in the account of the voyage 
that it is of coral ; uncoloured.—Loo Choo. The greater 
part of the coast of this moderately hilly island is skirted 
by reefs, which do not extend far from the shore, and 
which do not leave a channel of deep water within them, as 
may be seen in the charts accompanying Capt. B. Hall's 
voyage to Loo Choo (see also remarks in Appendix, pp. xxi. 
and xxv.). There are, however, some ports with deep 
water, formed by reefs in front of valleys, in the same 
manner as happens at Mauritius. Capt. Beechey, in a 
letter to me, compares these reefs with those encircling 
the Society Islands; but there appears to me a marked 
difference between them, in the less distance at which the 
Loo Choo reefs lie from the land with relation to the 
probable submarine inclination, and in the absence of an 
interior deep water-moat or channel, parallel to the land. 
Hence, I have classed these reefs with fringing-reefs, and 
coloured them red. — Pescadores (west of Formosa), 
Dampier (vol. i. p. 416) has compared the appearance of 
the land to the southern parts of England. The islands 
are interlaced with coral-reefs ; but as the water Is very 
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shoal, and as spits of sand and gravel (Horsburgh, vol. ii. 
p. 450) extend far out from them, it is impossible to draw 
any inferences regarding the nature of the reefs. 

China Sea. —Proceeding from north to south, we first 
meet the Pratas Shoal (lat. 20° N.) which, according to 
Horsburgh (vol. ii. p. 335), is composed of coral, is of a 
circular form, and has a low islet on it. The reef is on 
a level with the water’s edge, and when the sea runs high,, 
there are breakers mostly all round, “but the water within 
seems pretty deep in some places; although steep-to in 
most parts outside, there appear to be several parts where 
a ship might find anchorage outside the breakers; ” coloured 
blue.—The Paracells have been accurately surveyed by 
Capt. D. Ross, and charts on a large scale published: but few 
low islets have been formed on these shoals, and this seems 
to be a general circumstance in the China Sea; the sea 
close outside the reefs is very deep; several of them have 
a lagoon-like structure; or separate islets {Prattle, Robert , 
JDrummond,\ etc) are so arranged round a moderately 
shallow space, as to appear as if they had once formed 
one large atoll.— Bombay Shoal (one of the Paracells) has 
the form of an annular reef, and is “apparently deep with¬ 
in;” it seems to have an entrance (Horsburgh, vol. ii. 
p. 332) on its west side; it is very steep outside.— Discovery 
Shoal\ also, is of an oval form, with a lagoon-like space 
within, and three openings leading into it, in which there 
is a depth from two to twenty fathoms. Outside, at the 
distance (Horsburgh, vol. ii. p. 333) of only twenty yards 
from the reef, soundings could not be obtained. The 
Paracells are coloured blue.—Macclesfield Bank: this is 
a coral-bank of great size, lying east of the Paracells; some 
parts of the bank are level, with a sandy bottom, but, 
generally, the depth is very irregular. It is intersected by 
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deep cuts or channels. I am not able to perceive in the 
published charts (its limits, however, are not very accurately 
known) whether the central part is deeper, which I suspect 
is the case, as in the Great Chagos Bank, in the Indian 
Ocean ; not coloured.— Scarborough Shoal; this coral-shoal 
is engraved with a double row of crosses, forming a circle, 
as if there was deep water within the reef: close outside 
there was no bottom, with a hundred fathoms; coloured 
blue.—The sea off the west coast of Palawan and the 
northern part of Borneo is strewed with shoals: Swallow 
Shoal y according to Horsburgh (voh ii. p. 431), “ is formed, 
like most of the shoals hereabouts, of a belt of coral-rocks, 
with a basin of deeper water within.”— Half-Moon Shoal 
has a similar structure; Capt. D. Ross describes it, as a 
narrow belt of coral-rock, “ with a basin of deep water in 
the centre,” and deep sea close outside.— Bombay Shoal 
appears (Horsburgh, voL ii. p. 432) “to be a basin of 
smooth water surrounded by breakers.” These three shoals 
I have coloured blue.—The Paraquas Shoals are of a 
circular form, with deep gaps running through them; not 
coloured.—A bank gradually shoaling to the depth of 30 
fathoms, extends to a distance of about 20 miles from the 
northern part of Borneo , and to 30 miles from the northern 
part of Palawan, . Near the land this bank appears 
tolerably free from danger, but a little further out it is 
thickly studded with coral-shoals, which do not generally 
rise quite to the surface; some of them are very steep-to, 
and others have a fringe of shoal-water round them. I 
should have thought that these shoals had level surfaces, 
had it not been for the statement made by Horsburgh 
u that most of the shoals hereabouts are formed of a belt 
of corah” But, perhaps that expression was more particu¬ 
larly applied to the shoals further in the offing. If these 
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reefs of coral have a lagoon-like structure, they should 
Have been coloured blue, and they would have formed an 
iimperfect barrier in front of Palawan and the northern 
part of Borneo. But, as the water is not very deep, these 
reefs may have grown up from inequalities on the bank: 
1 have not coloured them.—The coast of China , Tonquin ,, 
a.nd Cochin-China , forming the western boundary of the China 
Sea, appear to be without reefs : with regard to the two last- 
mentioned coasts, I speak after examining the charts on a 
large scale in the atlas of the voyage of the Favourite, 

Indian Ocean. — South Keeling atoll has been specially 
described; nine miles north of it lies North Keeling, a very 
small atoll, surveyed by the Beagle , the lagoon of which is 
dry at low water.— Christmas Island,\ lying to the east, is a 
High island, without, as I have been informed by a person 
who passed it, any reefs at all.— Ceylon: a space about 
• eighty miles in length of the S.-western and southern shores 
of these islands has been described by Mr. Twynam (Naut, 
Fllag, 1836, pp. 365 and 518); parts of this space appear 
to be very regularly fringed by coral-reefs, which extend 
« from a quarter to half a mile from the shore These reefs 
a.re in places breached, and afford safe anchorage for the 
small trading craft Outside, the sea gradually deepens; 
tHere is 40 fathoms about six miles off shore: this part I 
liave coloured red. In the published charts of Ceylon there 
appear to be fringing-reefs in several parts of the south¬ 
eastern shores, which I have also coloured red.—At Venloos 
-Bay the shore is likewise fringed. North of Trincomalee 
•tHere. are also reefs of the same kind. The sea off the 
northern part of Ceylon is exceedingly shallow; and there¬ 
fore I have not coloured the reefs which fringe portions of 
Its shores, and the adjoining islets, as well as the Indian 
■promontory of Madura . 
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Chagos, Maldiva, and Laccadive Archipelagoes.— 
These three great groups which have already been often 
noticed, are now well known from the admirable surveys 
of Capt. Moresby and Lieut. Powell The published charts, 
which are worthy of the most attentive examination, at 
once show that the Chagos and Maldiva groups are entirely 
formed of great atolls, or lagoon-formed reefs, surmounted 
by islets. In the Laccadive group, this structure is less 
evident; the islets are low, not exceeding the usual height 
of coral formations (see Lieut. Wood’s account, Geograph. 
Journo vol vi. p. 29), and most of the reefs are circular, as 
may be seen in the published charts; and within several of 
them, as I am informed by Capt. Moresby, there is deepish 
water; these, therefore, have been coloured blue. Directly 
north, and almost forming part of this group, there is a long, 
narrow, slightly curved bank, rising out of the depths of the 
ocean, composed of sand, shells, and decayed coral, with 
from twenty-three to thirty fathoms on it. I have no doubt 
that it has had the same origin with the other Laccadive 
banks; but as it does not deepen towards the centre I have 
not coloured it. I might have referred to other authorities 
regarding these three archipelagoes; but after the publica¬ 
tion of the charts by Capt Moresby, to whose personal 
kindness in giving me much information I am exceedingly 
indebted, it would have been superfluous. 

Sahia de Malha bank consists of a series of narrow banks, 
with from 8 to 16 fathoms on them; they are arranged in a 
semicircular manner, round a space about forty fathoms 
deep, which slopes on the S.E. quarter to unfathomable 
depths; they are steep-to on both sides, but more especially 
on the ocean-side. Hence this bank closely resembles in 
structure, and I may add from Capt Moresby’s information 
in composition, the Pitt’s Bank in the Chagos group j and 
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Pitt’s Bank, must, after what has been shown of the 
t Chagos Bank, be considered as a sunken, half- 
■oyed atoll; hence coloured blu t.—Cargaios Carafes 
k. Its southern portion consists of a large, curved, 
1-shoal, with some low islets on its eastern edge, and 
vise some on the western side, between which there is a 
h of about twelve fathoms. Northward, a great bank 
nds. I cannot (probably owing to the want of perfect 
ts) refer this reef and bank to any class;—therefore not 
ure d.—//* de Sable is a little island, lying west of 
Carajos, only some toises in height ( Voyage of the 
write , vol. i. p. 130); it is surrounded by reefs; hut 
tructure is unintelligible to me. There are some small 
ks north of it, of which I can find no clear account.— 
uritius. The reefs round this island have been de¬ 
bed in the chapter on fringing-reefs; coloured red.— 
irigitez. The coral-reefs here are exceedingly extensive ; 
one part they project even five miles from the shore, 
far as I can make out, there is no deep-water moat 
hin them; and the sea outside does not deepen very 
Idenly. The outline, however, of the land appears to be 
■fe of Sir J. Mahiniosh, vol. ii. p. 165) hilly and rugged, 
tm unable to decide whether these reefs belong to the 
rrier class, as seems probable from their great extension, 
to the fringing class ; uncoloured.— Bourbon. The 

;ater part of the shores of this'island are without reefs; 
t Capt. Carmichael (Hooker’s Bot. Misc.) states that a 
rtion, fifteen miles in length, on the S.E. side, is imper- 
;tly fringed with coral-reefs: I have not thought this 
fficient to colour the island. 

Seychelles.— The rocky islands of primary formation, 
imposing this group, rise from a very extensive and 
lerably level bank, having a depth between 20 and 40 
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fathoms. In Capt. Owen's chart, and in that in the atlas of 

the voyage of the Favourite % it appears that the east side 
of Ala hi and the adjoining islands of SI Anne and L'*rf % 
are regularly fringed by coral-reefs. A portion of the HJi 
pait of Curiam I$i£ f the N. s and pail of the S.W. .shore of 
Praslin IsM. $ and the whole west side of Digut 
appear fringed From a MS. account of these islands by 
Capt F. Moresby, in the Admiralty, it appeal •» that Silhouette 
m also fringed; he states that all these islands are formed 
of granite and quarts tli it they rise abruptly from the nwi, 
and that “coral-reefs have grown round them, anti project 
for some distance." Dr. Allan, of Forres, who visited these 
islands, informs me that Umre k no sleep water between 
the reefs and the, shore. The above spec ill*id point» have 
been coloured red Amiranks /s/a ft A / The small island] 
of this neighbouring group, according to the MS. account 
of them by Capt K Moresby, are fdfiwifrd m m eaten 
slve bank ; they consist of the Mm of rorah and shells; 
are only about twenty feet in height, and me environed 
by reefs, some attac hed to the shore, and soon* rather dis¬ 
tant from it*— I have taken great pains 10 plot tin plans and 
information regarding the several inlands lying tudwcvit 
S.K. and S.W, of the Amirantes, and the Seychelles; 
relying chiefly on Capt, & Moresby and Dr. Allan, it 
appears that the greater number, namely - Pfafk t Aiphm% 
CmtiwL\ Gakga f Ptwidenas, *VA IHtrrn^ dtimm l Anmftim % 
and Glmm@ % arc low, formed of sand or cwnkoclt, and 
irregularly shaped; they are situated tm very eatensive 
hanks, and are connected with great coral’reefs* Gtlrga m 
said* by Dr. Allan, to be rather higher than the other 
islands; and St Pierre ti described by Capt. K. Moresby, 
m being cavernous throughout, and as not consisting of 
ftiitr limestone m granite. These islands, as welt 11 the 
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Amirantes, certainly are not atoll-formed, and they differ 
as a group from every other group with which I am 
acquainted; I have not coloured them; but probably the 
reefs belong to the fringing class. Their formation is 
attributed, both by Dr. Allan and Capt. F. Moresby, to the 
action of the currents, here exceedingly violent, on banks, 
which no doubt have had an independent geological origin. 
They resemble in many respects some islands and banks 
in the West Indies, which owe their origin to a similar 
agency, in conjunction with an elevation of the entire area. 
In close vicinity to the several islands, there are three 
others of an apparently different nature: first, Juan da 
Nova, which appears from some plans and accounts to be 
an atoll; but from others does not appear to be so; not 
coloured. Secondly, Cosmokdo; “ this group consists of a 
ring of coral, ten leagues in circumference, and a quarter 
of a mile broad in some places, enclosing a magnificent 
lagoon, into which there did not appear a single opening M 
(Horsburgh, vol. ip. 151); coloured blue. Thirdly, 
Aldabra; it consists of three islets, about 25 feet in height, 
with red cliffs (Horsburgh, vol. i p. 176) surrounding a very 
shallow basin or lagoon. The sea is profoundly deep close 
to the shore. Viewing this island in a chart, it would be 
thought an atoll; but the foregoing description shows that 
there is something different in its nature; Dr. Allan also 
states that it is cavernous, and that the coral-rock has a 
vitrified appearance. Is it an upheaved atoll, or the crater 
of a volcano ?—uncoloured. 

Comoro Group. — Mayotta , according to Horsburgh 
(vol. i. p. 216, 4th edit.), is completely surrounded by a 
reef, which runs at the distance of three, four, and in some 
places even five miles from the land; in an old chart, 
published by Dalrymple, a depth in many places of 36 and 
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38 fathoms is laid down within the reef. In the same 
chart, the space of open water within the reef in some 
parts is even more than three miles wide: the land is bold 
and peaked; this island, therefore, is encircled by a well- 
characterised barrier-reef, and is coloured pale blue.— 
Johanna; Horsburgh says (vol. i. p. 217) this island from 
the N.W. to the S.W. point, is bounded by a reef, at 
the distance of two miles from the shore; in some parts, 
however, the reef must be attached, since Lieut. Boteler 
(Nar. t vol. i. p. 161) describes a passage through it, within 
which there is room only for a few boats. Its height, as I 
am informed by Dr. Allan, is about 3,500 feet; it is very 
precipitous, and is composed of granite, greenstone, and 
quartz; coloured blue.— Mohilla; on the S. side of this island 
there is anchorage, in from 30 to 45 fathoms, between a reef 
and the shore (Horsburgh, voL i. p. 214); in Capt, Owen’s 
chart of Madagascar, this island is represented as encircled; 
coloured blue .—Great Comoro Isld. is, as I am informed 
by Dr. Allan, about 8,000 feet high, and apparently 
volcanic; it is not regularly encircled; but reefs of various 
shapes and dimensions jut out from every headland on the 
W., S., and S.E. coasts, inside of which reefs there are 
channels, often parallel with the shore, with deep water. 
On the N.-western coasts the reefs appear attached to the 
shores. The land near the coast is in some places bold, 
but generally speaking it is flat; Horsburgh says (vol. L p. 
214) the water is profoundly deep close to the shore, from 
which expression I presume some parts are without reefs. 
From this description I apprehend the reef belongs to the 
barrier class; but I have not coloured it, as most of the 
charts which I have seen, represent the reefs round it as 
very much less extensive than round the other islands in 
the group. 
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Madagascar. —My information is chiefly derived from 
the published charts by Capt. Owen, and the accounts 
given by him and by Lieut Boteler. Commencing at the 
S.W. extremity of the island; towards the northern part of 
the Star Bank (in lat. 25 0 S.) the coast for . ten miles is 
fringed by a reef; coloured red. The shore immediately 
S. of St. Augustine's Bay appears fringed; but Tullear 
Harbour, directly N. of it, is formed by a narrow reef ten 
miles long, extending parallel to the shore, with from four 
to ten fathoms within it. If this reef had been more 
extensive, it must have been classed as a barrier-reef; but 
as the line of coast falls inwards here, a submarine bank 
perhaps extends parallel to the shore, which has offered a 
foundation for the growth of the coral; I have left this part 
uncoloured. From lat 22 0 16' to 21 0 37', the shore is 
fringed by coral-reefs (see Lieut. Boteler’s Narrative , vol. 
ii. p. 106), less than a mile in width, and with shallow water 
within. There are outlying coral-shoals in several parts of 
the offing, with about ten fathoms between them and the 
shore, and the depth of the sea one mile and a half seaward, 
is about 30 fathoms. The part above specified is engraved 
on a large scale; and as in the charts on rather a smaller 
scale the same fringe of reef extends as far as lat. 33 0 15'; 
I have coloured the whole of this part of the coast red. 
The islands of Juan de Nova (in lat. 17 0 S.) appear in the 
charts on a large scale to be fringed, but I have not been 
able to ascertain whether the reefs are of coral; uncoloured. 
The main part of the west coast appears to be low, with 
outlying sandbanks, which, Lieut. Boteler (vol. ii. p. 106) 
says, “ are faced on the edge of deep water by a line of sharp- 
pointed coral-rocks. 5 ’ Nevertheless I have not coloured 
this part, as I cannot make out by the charts that the coast 
itself is fringed. The headlands of Narrenda and Passandam 
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Bays (14® 40') and the islands in front of RaJama 
Jiitrhur are represented in the plans as regularly fringed, 
and have accordingly hern coloured red With respect 
to the East coa%t of Madagascar % I)r. Allan informs me 
in a letter, that the whole line of coast, from Tarnatave, in 
xH'' 12', to C. Am!*er t at the extreme northern point of the 
inland, is bordered by coral*reefs. The land is low, uneven, 
and gradually rising from the coast From Gapt Owen's 
charts, also, the existence of these reefs, which evidently 
Belong to the fringing class, on some parts, namely, N. of 
PE:'nh Smiftliiml near N^mm\ of the above line of coast 
might have Been inferred. Lieut. Bolder (vol. i p. * SS) 
speaks of 11 the reef surrounding the island of St Mary's at 
11 small distance from the shored 1 In a previous chapter I 
have described, from the information of Dr. Allan* the 
manner in winch the reefs extend in N. E. lines (tout flic 
headland4 on this coast, thus sometimes forming rather 
deep channel * within them; this seetns caused By the 
action of the currents, ami the reds spring tip from the 
submarine prolongations of the sandy headlands. The 
above specified portion of the coast is coloured red The 
remaining S.K. portion» do not appear cm any published 
chait to possess free, of any kind ; and the Rev* W, Kiln, 
whose means of mfotmanon regarding thin side of Mada¬ 
gascar have Been extensive, informs me he btdiiaves there 
are no ms 

East (Hut w Ahoca.—B rocmling from Ihe northern 
paft, the roast appears, fur a considerable spaeic, without 
recK My information, I may here observe, is derived from 
the survey by ftrtph Owen, together with Ills Mwmfm* / 
and that by Lieut Bolder, At Muklfftka (10 t* N*) there 
in a coralred extending four or five miles along the shore 
(Owen's vol i p. 357 ) which in the chart lie* at the 
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distance of a quarter of a mile from the shore, and has 
within it from six to ten feet water : this then is a fringing 
reef, and is coloured red. From Juba^ a little S. of the 
equator, 1 6 La moo (in 2 0 20' S.) “the coast and islands are 
formed of madrepore(Owen’s Narrative , vol. i. p. 363). 
The chart of this part (entitled Dundas Isldsi) presents an 
extraordinary appearance; the coast of the mainland is 
quite straight, and it is fronted at the average distance of 
two miles by exceedingly narrow, straight islets, fringed 
with reefs. Within the chain of islets, there are extensive 
tidal flats and muddy bays, into which many rivers enter; 
the depths of these spaces varies from one to four fathoms 
—the latter depth not being common, and about twelve 
feet the average. Outside - the chain of islets, the sea, at 
the distance of a mile, varies in depth from eight to fifteen 
fathoms. Lieut. Boteler (Nar ., vol i. p. 369) describes the 
muddy bay of Patta , which seems to resemble other parts 
of this coast, as fronted by small, narrow, level islets formed 
of decomposing coral, the margin of which is seldom of 
greater height than twelve feet, overhanging the rocky 
surface from which the islets rise. Knowing that the islets 
are formed of coral, it is, I think, scarcely possible to view 
the coast, and not at once conclude that we here see a 
fringing-reef, which has been upraised a few feet: the 
unusual depth of from two to four fathoms within some of 
these islets, is probably due to muddy rivers having pre¬ 
vented the growth of coral near the shore. There is, how¬ 
ever, one difficulty on this view, namely, that before the 
elevation took place, which converted the reef into a chain 
of islets, the water must apparently have been still deeper; 
on the other hand it may be supposed that the formation of 
a nearly perfect barrier in front, of so large an extent of 
coast, would cause the currents (especially in front of the 
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rivers) to deepen their muddy beds. When describing in 

the chapter on fringing-reefs, those of Mauritius, i have 
given my reasons for believing that the shoal spaces 
within reefs of this kind, must, in many instances, have 
been deepened However this may be, as several parts of 
this line of coast are undoubtedly fringed hy living reefs, 
I have coloured it red .—Afaleenda ($ 20 f S.). In the 
plan of the harbour, the south headland appears fringed ; 
and in Owen’s chart on a larger .scale, the reefs are seen fcc 
extend nearly thirty miles southward; coloured red.—* 
Mambas (4" 5' S.). The island which forms the harbour, 
“is surrounded by cliffs of madrepore, capable of being 
rendered almost impregnable M (Gwen's Ak, vol i, p. 412). 
The shore of the mainland, N. and S, of the harbour, is 
most regularly fringed by a coral-reef at a distance from half 
a mile to one mile and a quarter from the land; within the 
reef the depth is from nine to fifteen feet ; outside the red 
the depth at rather less than half a mile 11 thirty fathoms. 
From the charts it appears that a space about thirty lx 
miles in length, is here fringed; colnttml rnf.»~/to/n 
(5° S.) is an isld. of coral-formation, level, ami about 200 
feet in height (Owen's Nan, veil L p, 425); it k 35 miles 
long, and is separated from the mainland by a deep sea. 
The outer coast is represented in the chart as regular!) 
fringed; coloured red. The mainland in front of i*emb.\ 
is likewise fringed; but there also appear to be fMif out¬ 
lying reefs with deep water between them mi the shore, 
I do not understand their structure, either front the charts 
or the description, therefore have not coloured them, • 
Zanzibar resembles Pemba in inoit respects ; m southern 
half on the western side and the neigh ton ring islet# are 
fringed; coloured red. On the mainland, a little S, nt 
Zanzibar, there are some banks parallel to the mm% which 



APPENDIX. 


J-13 


should have thought had been formed of coral, had it not 
>en said (Boteler’s /Van, veil, ii. p. 39) that they were 

imposed of sand; not coloured. -. Latham's JIank k a 

nail island, fringed by coral-reefs; but being only ten feel 
gh, it has not been co\ouvcd.~~AftJ/i/tra its an island of the 
.me character as Pemba; its outer shore* is fringed, and 
5 southern extremity is connected with Kcelwa Point on 
L e mainland by a chain of islands fringed by reefs; 
iloured red. The four last-mentioned islands resemble 
. many respects some of the islands in the Red Sea, which 
ill presently be described .—Kidwa. In a plan of the 

Lore, a space of 20 miles N. and S. of tills place in fringed 
t reefs, apparently of coral: these reefs art* prolonged 
ill further southward in Owen's general diart. 1 lie emit 
t the plans of the rivers Zindy and w (#/* 51/ and 

/ 7' S.) has the same structure ; colour*‘d red.— Qatrimfia 
dands (from 10® 40' to 13® 8.). A chart on a large mt ale 
given of these Islands; they are low, and of curai-fotmt* 
an (Botelcr’s Nar^ vol ii. p. 54); and generally have 
ctensive reefs projecting from them which arc* dry at low 
ater, and whiclt on the outside the abruptly from a deep 
a: on their insides they are separated from the continent 
/ a channel, or rather a succession of bays, with rttt 
rerage depth of ten fathoms. The small headlamp 
i the continent also have coral-banks attached to 
Lem; and the Querimba islands and banks are pis ml 
1 the lines of prolongation of these headlands, artel are 
sparated from them by very shallow channels. It k 
ddent that whatever cause, whether the drifting of sediment, 

: subterranean movements, produced the headlands, like- 
ise produced, as might have been expected, submarine 
rolongations to them; and these towards their outer 
ctreraities, have since afforded a favourable hmte for tin: 
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growth of coral-reefs, and subsequently for the formation of 
islets. As these reefs clearly belong to the fringing class, 
the Querimba islands have been coloured tvOl,— Monahiia 
(13° 32' S.). In the plan of this harbour, the headlands 
outside arc fringed by reefs apparently of coral; coloured 
r ccL—Mozambique (150" S.). The outer part of the island 
on which the city is built, and the neighbouring Islands, are 
fringed by coral-reefs; coloured red. From the description 
given in Owen’s jNar. (vol. i. p. 162), the shore from 
Mozambique to Delagoa Bay appears to be low and sandy; 
many of the shoals and islets off this line of coast are of 
coral-formation | but from their small size and lowness, it is 
not possible, from the charts, to know whether they are 
truly fringed. Hence this portion of coast is left un- 
coloured, as are likewise those parts more northward, of 
which no mention has been made in the foregoing pages 
from the want of information. 

Persian Gulf.— From the charts lately published on a 
large scale by the East India Company, It appears that 
several parts, especially the southern shores of this gulf, are 
fringed by coral-reefs; but as the water is very shallow, and 
as there are numerous sandbanks, which are difficult to 
distinguish on the chart from reefs, I have not coloured the 
upper part red Towards the mouth, however, where the 
water is rather deeper, the islands of Ormuz and Barrack 
appear so regularly fringed, that I have coloured them nth 
There are certainly no atolls in the Persian C#til|. The 
shores of Immaum t and of the promontory forming the 
southern headland of the Persian Gulf, seem to be without 
reefs. The whole S.W. part {except one or two small 
patches) of Arabia Felix, and the shores of Socotra, appear 
from the charts and memoir of Cftpt. Haines {GmgmpL 
/mm** 1839, p. 125) to be without my reefs. I believe 
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there are no extensive coral-reefs on any part of the coasts 
of India y except on the low promontory of Madura (as 
already mentioned) in front of Ceylon. - 
Red Sea. —My information is chiefly derived from the 
admirable charts published by the East India Company in 
iS36, from personal communication with Capt. Moresby, 
one of the surveyors, and from the excellent memoir, 
tjher die Naiur der Coralkn-B'&nken des Rothen Meeres^ 
by Ehrenberg. The plains immediately bordering the Red 
Sea seem chiefly to consist of a sedimentary formation of 
the newer tertiary period. The shore is, with the exception 
of a few parts, fringed by coral-reefs. The water is generally 
profoundly deep close to the shore; but this fact, which 
has attracted the attention of most voyagers, seems to 
have no necessary connection with the presence of reefs ; 
for Capt. Moresby particularly observed to me, that, in 
laL 24 0 1 o' on the eastern side, there is a piece of 
coast, with very deep water close to it, without any reefs, 
but not differing in other respects from the usual nature of 
the coast-line. The most remarkable feature in the Red Sea 
is the chain of submerged banks, reefs, and islands, lying 
some way from the shore, chiefly on the eastern side; the 
space within being deep enough to admit a safe navigation 
in small vessels. The banks are generally of an oval form,* 
and some miles in width; but some of them are very long in 
proportion to their width. Capt. Moresby informs me that 
any one, who had not made actual plans of them, would be 
apt tofcthink that they were much more elongated than they 
really are. Many of them rise to the surface, but the 
greater number lie from 5 to 30 fathoms beneath it, with 
Irregular soundings on them. They consist of sand and 
living coral; coral on most of them, according to Capt. 
Moresby, covering the greater part of their surface. They 
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extend parallel to tin; ’Imre, and iL v an m 4 i*ielrt r|ii#riitly 

connected in their middle path; by ihmt U;\n\\ r - ! 
with the mainland. Tin v*;t i > » n idly j.Mf* nmb;y d* ep 

quite dose to them, an it i; war nr e pit?, *4 «*’>♦ *tiv£ 
of the mainland; 1 ml tlir i* not to ivi ;bh to* m.>, for 
between Lit, 15° and 17" tin- w./t 1 d p is» qum g) »hi *ily 
from the banks, both on the t;i 4<ni not! wv no* We‘ f 
towards the middle of the u.i, I dun! in to sir. | ml mi t* 
from these banks; they are hnv» ll i osp; ?L ,v I * l .! of 
the same horizontally .stratified fonu-tt * o welt th t riming 
the plain-like margin of the ntainliittl *• <400 f 4 tie* imnHi r 
and lower islands coir i t of nr iv n\ K t ’apt Mott 4$/ 
informs me, that small maw* of t!e* 1.5 vmti c#f 

islands, are left on many kinki wle ?r tT ? ir m dry 
land Ehrcnberg also assert» that u>n 1 nl thr h? t , * w u 
the lowest, have a fl >f abraded Lari , f *aii'rr,n| of |li*t 44 m* 
tertiary formation, he believe* U at a. vmN $11 thr M4f 
wears down the protuberant parti of a b,k * u t la m »?h 
the level of the sea, the suifwv hfo*u? ^ loan 

further abrasion by the growth fl r on ] t ^ d be tLu* 
accounts for the existence of m 111 m> banks ’TtMbng tm 4 
level with the surface of this sea. It aj*; me tb.it inn t * f 
the islands are certainly deaeasing in -i /*\ 

The form of the banks and hPaudn i * Ui*ri * m 

the part just referred to, namely, fintn kth t ;/ In 1 y ’ where 
the sea deepens quite gradually: the iMv.T go-up * 1$ the 
western coast, is surrounded by *m trerir^fr *«< Lq * I 4;., of 
islets and shoals; the in tin Eland h vi ty irii%ptW'y |bi^4 
and it includes a bay &even futile^ long, by h»m mso. f hi 
which no bottom was found with j fT! i thru' $ * *4y vw* 
entrance into this bay, half a tube w j d % and w> nb an 1 4 and 
In front of it The submerged kinks eft ifr ra i* m * o 4t f 
within the same latitudes round f Ti, ;m % Ukxmw 
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penetrated by many narrow creeks of deep water; one is 
twelve miles long, in the form of a hatchet! in which, close 
to its broad upper end, soundings were not struck with 560 
feet, and its entrance is only half a mile wide: in another 
creek of the same nature, but even with a more irregular 
outline, there was no bottom with 4K0 feet. The island of 
Farsan, itself, has as singular a form as any of its surround¬ 
ing banks. The bottom of the sea round the Dhalae and 
Farsan Islands consists chiefly of sand and agglutinated 
fragments, but, in the deep and narrow creeks, it consists of 
mud; the islands themselves consist of thin, horizontally 
stratified, modern tertiary beds, containing but little broken 
coral, 1 their shores are fringed by living coral-reefs. 

From the account given by Rtippeir 4 of the manner in 
which Dhalae has been rent by fissures, the opposite sides 
of which have been unequally elevated (in one Instance to 
the amount of 50 feet), it seems probable that its irregular 
form, as well as probably that of Farsan, may have been 
partly caused by unequal elevations; lint, considering the 
general form of the banks, and of the deep-water creeks, 
together with the composition of the land, I think their 
configuration Is more probably due in great pari to strong 
currents having drifted sediment over art uneven bottom: 
it is almost certain that their form cannot be attributed to 
the growth of coral. Whatever may have been the precise 
origin of the Dhalae and Farsan Archipelagoes, the greater 
number of the banks on the eastern side of the Red Hca 
seem to # have originated through nearly similar means. I 
judge of this from their similarity in configuration (in proof 
of which I may instance a hank m the east coast in lab tp; 
and although it is true that the northern banks generally 

1 Kttppeii, MSss in Atysumen, t §»»4 f*» 1* 247 * 8 », 245, 
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have a less complicated outline;, and from then Mmilurity 
in composition, as may hi* nlorrvcrl in tbnr nptsmi 
portions. The depth within flu, hank » mithward * f Ut tf, 
is usually greater, and tin ir mittr nidi :« shelve moo* abruptly 
(circumstances which serin to go i«vp tie r/ th hi in the 
Dhalac and Farsan Archipelagoes; but this mi *bt eanly 
have been caused by a difference in th*« tu:vun of the 
currents during their formation : nmo-mti, ihr j t* ahe 
quantity of living coral, which, a* ronhir" to t,.*pt, Moresby, 
exists on the northern hanks, would in d to pin- them 
steeper margins. 

From this account, brief and krpnb * f ^ tf ,i, can 
see that the great chain of banki on flu r,i m * m,i 4, and 

on the western side in the ramthern portion, differ gfc itSy 
from true bairier-reefs wholly fount d 1-v the growth of *on**! 
It is indeed the duett (omdusion d Lho oberg /1 f dif % 
etc,, pp. 45 and 51), that they arc conio ; 1? d in if, ir origin 
quite secondarily with the growth «if ror.d ; and h a rook* 
that the islands off the mr4 of Norway, tf 0140 tl.4#a hwe 
with the sea, and merely coated with oimg t . rd, would 
present a nearly similar {ijrjKurattcc, I 
avoid suspecting, tram information m* n ire* by fhr, 
Maicolmson and (‘apt, Mnreuby, that I hr coin* 14 has 
rather under-rated the tnflucntv of totals in 1 mM* pfjf#*# 
at least, on the formation of the irifMty dep %4 th* 
Red Sea, 

Tfm IVesf Ctimt &J iht Ktd Ac#f kin** * *1 00* %<? mk m\ 
—There are, in this spice, red4 which, if I hi I known 
nothing of those in other parti of tie Ur4 v f f 4*^44 
unhesitatingly have considered »n bairn; r c , and, after 
deliberation, I have come to the ,\inie com h> 40m floe of 
these reefs, in m 4 t%\ m twenty niifis long, ihtu $ iiwlt 
in width (but expanding at the northern end into » de-e** 
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slightly sinuous, and extending parallel to the mainland at 
the distance of five miles from it, with very deep water 
within; in one spot soundings were not obtained with 205 
fathoms. Some leagues further south, there is another 
linear reef, very narrow, ten miles long, with other small 
portions of reef, north and south, almost connected with it; 
and within this line of reefs (as well as outside) the water 
is profoundly deep. There are also some small linear and 
sickle-formed reefs, lying a little way out at sea. All these 
reefs are covered, as 1 am informed by Capt. Moresby, by 
living corals. Here, then, we have ail the characters of 
reefs of the barrier class; and in some outlying reefs we 
have an approach to the structure of atolls. The source of 
my doubts about the classification of these reefs, arises 
from having observed in the Dhalac and Farsan groups 
the narrowness and straightness of several spits of sand and 
rock; one of these spits in the Dhalac group is nearly 
fifteen miles long, only two broad, and it is bordered on 
each side with deep water; so that, if worn down by tire 
surf, and coated with living corals, it would form a reef 
nearly similar to those within the space under consideration. 
There is, also, in this space (lat. %t*) a peninsula, bordered 
by cliffs, with its extremity worn down to the level of the 
sea, and its basis fringed with reefs: in the line of prolonga¬ 
tion of this peninsula, there lies the island of Macowa 
(formed, according to Capt Moresby, of the usual tertiary 
deposit), and some smaller islands, large parts of which 
likewise appear to have been worn down, and are now 
coated with living corah. If the removal of the strata 
in these several cases had been more complete, the reefs 
thus formed would have nearly resembled those barrier- 
like ones now under discussion. Notwithstanding these 
facts, 1 cannot persuade myself that the many very small, 
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isolate^ 1, and sickle-formed rutf-i and long, nearly 

straight, and very narrow, with tin? water unkuh* muddy 
deep clone round them, could po .nibly have been funned 
by corals merely coating banks of sediment, or tin: abraded 
surfaces of irregularly-shaped island c I leel romptdlul in 
believe that the foundations of the >♦: ivrf» have mi! v^ilnl, 
and that the corals, during their tijmanl growth, huvo given 
to these reefs their present foiiiib: I may icmrirk that tin* 
subsidence of narrow and irregufculy shaped pniianth*s and 
islands, such as those existing on tin* c<u* 4 i of the Itnl 
Sea, would afford the requisite foundations for the reeb m 
question. 

The West Coast Jtom /at, 22' in .*4Tin. prill the 
coast (north of the space colouicd blue on the m-tpl i# 
fronted by an irregularly shelving hank, from itbitsl to to 
30 fathoms deep; numerous little ivd*, tsmw of «l#rlt 
have the most singular shapes, rise front this bai/*. It 
may be observed, respecting one of them, in kit % % tu\ 
that if the promontory in kit a { were worn down ht lie* 
level of the sea, and coated with corah, a wry btttibtf ami 
grotesquely formed reef would he ptoilticrA M,my of the 
reefs on this part of the roast may thus have ongituh d; 
but there are some : ickle, and ahnoM mM hmmu I o 
lying in deep water off the promontory in Jan »4\ wb?rh 
lead me to suppose that all these «?ch arc mure probably 
allied to the barrier or atoll elates, I have not, 
ventured to colour this portion of coast* — On the wn$ 
coast from /at. uf to 17* (south of space coloured ItICr? tm 
the map), there are many low bkfi of wry omsl! dtm^v 
ston% not much elongated, ami rising out of great *h*p!lr. 
at a distance from the coast; ihexe cannot lie rltm?c! riilrt 
with atolls, or barrier or fringing reefs* I may lirrr ivumik 
that the outlying reefs on the west coast, Iwtwwn bit. ip/ 



APPENDIX. 


25% 


and 24°, arc the only ones in the Red Sea, winch approach 
in structure to the true atolls of the Indian and Pacific 
Oceans, but they present only imperfect miniature likenesses 
Df them. 

Eastern Coast.-- I have felt the greatest doubt about 
colouring any portion of this coast, north of the fringing- 
rcefs round the Farsan Islands in 16 0 10'. There are many 
small outlying coral-reefs along the whole line of coast; but 
as the greater number rise from banks not very deeply sub¬ 
merged (the formation of which has been shown to be only 
secondarily connected with the growth of coral), their origin 
may be due simply to the growth of knolls of corals, from an 
irregular foundation situated within a limited depth. But 
between lat. 1B 0 and 20°, there are so many linear, elliptic, 
and extremely small reefs, rising abruptly out of profound 
depths, that the same reasons, which led me to colour blue 
a portion of the west coast, have induced me to do the same 
In this part There exist some small outlying reefs rising 
from deep water, north of lat. 20® (the northern limit 
coloured blue), on the east coast; but as they are not very 
numerous and scarcely any of them linear, 1 have thought 
it right to leave them uncoloured. 

In the southern parts of the Red Sea, considerable spaces 
of the mainland, and of some of the Dhalac islands, are 
skirted by reefs, which, as I am informed by Capt 
Moresby, are of living coral, and have all the characters of 
die fringing class. As in these latitudes, there are no out¬ 
lying linear or sickle-formed reefs, rising out of unfathom¬ 
able depths, I have coloured these parts of the coast 
red. On similar grounds, I have coloured red the 
northern parts of the western coast (north of lat. 24® 30'), 
and likewise the shores of the chief part of the Gulf of 
Suez. In the Gulf of Acaba, as I am informed by Capt 
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Moresby, there are no coral-reefs, and the water m pro 

foundly deep. 

West Indies.— My information i» raiding the icd'i of 
this area, is derived from various rmms s, .us! horn an 
examination of numerous charts; r pccin'dy of I'mo* lately 
executed during the survey nadir Tapi. Owmi, U.N, 1 lay 
under particular obligation to Capf, Bird AY*tt s K.X., ore 
of the members of tin: Lite sunny, fur m u:y p< i -on:il com¬ 
munications on this subject As in thr i«i > <>t tm* lb *4 S>a, 
it is necessary to make some preliminary r* ur<rh< on the 
submerged banks of the Wr;t bahr *, whs h am in uwie 
degree connected with coral reefs am! r.iin.e run j#L ralile 
doubts in their classification. Tied Limn a* r utanlanunn of 
sediment are in progro n m\ tin; MY t tnd< m hurry will lie 
evident to any one who cxamiims the rl'fH of that %i% 
especially of the portion noiili of a line joining 
and Florida. The area of deposition an net Lein intimately 
connected with the dehmirhemen! of th>* prat river*, than 
with the course of the sri etirrentn ; :c, in * vidcnl from the 
vast extension of the bunks from lift* jtruWMdom of 
Yucatan and Mosquito. 

Besides the coast bank*’, there nr>* mau> of %ai : nn 1 dhm »$* 
skull which stand quite isolated; tln"C tl*rd/ rrnmnhh? 
each other; they lie from a nr 3 to 30 or 30 fatltuiiit 

under water, and are romjm ** d of tarn}, firmly 
agglutinated, with little or no coral \ their f4ttfic*n %m 
smooth and nearly level, shelving only to lie: 1 mount oJ a 
few fathoms, very gradually all round towmd, fboif mly*> H 
where they plunge abruptly into tlm tn$lsh( 4 mth* o*n 
This sleep iuclmation of their sl<ltr«, which i% Hlfwm 
characteristic of the coast»hanfctt, 11 vriy rtiintikahle I may 
give as an in .tana*, the Misterba Bank, an if a of 

which the sounding** change in tjo fvtthiirm horknoy 
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- distance, from it to 210 fathoms; off the northern point 
of the bank of Old Providence, in 200 fathoms horizontal 
distance, the change is from 19 to 152 fathoms; off the 
Great Bahama Bank, in 160 fathoms horizontal distance, 
the inclination is in many places from 10 fathoms to no 
bottom with 190 fathoms. On coasts in all parts of the 
world, where sediment is accumulating, something of this 
kind may be observed; the hanks shelve very gently far out 
to sea, and then terminate abruptly. The form and com¬ 
position of the banks standing in the middle parts of the 
W. Indian Sea, clearly show that their origin must be 
chiefly attributed to the accumulation of sediment; and the 
only obvious explanation of their isolated position is the 
presence of a nucleus, round which the currents have 
collected line drift matter. Any one who will compare the 
character of the bank surrounding the hilly island of Old 
Providence, with those banks in its neighbourhood which 
stand isolated, will scarcely doubt that they surround sub¬ 
merged mountains. We are led to the same conclusion 
by examining the bank called Thunder Knoll, which is 
separated from the Great Mosquito Bank by a channel 
only seven miles wide, and 145 fathoms deep. There 
cannot be any doubt that the Mosquito Bank has been 
formed by the accumulation of sediment round the pro¬ 
montory of the same name ; and Thunder Knoll resembles 
the Mosquito Bank, in the state of its surface submerged 
twenty # fathoms, in the inclinations of its sides, in com¬ 
position, and in every other respect I may observe, 
although the remark k here irrelevant, that geologists 
should be cautious in concluding that all the outlyers of 
any formation have once been connected together, for we 
here see that deposits, doubtless of exactly the same nature, 
may he depositee! with large valley-like spaces between them* 
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Linear strips of coral reefs awl 5,ir #11; pr f rl flora 
many of the isolated, as a?> t t banks; ’nimthr*t"{ 
they occur quite irregularly pkicvtl* n ^ on the Mo quim 
Bank, hut more guirnilly limy hint us n’lif i an the 
windward side, situated vmu link; damnr** within tm* r 
edge of the hanks a- thus mi the S* rnmil’a Ikmk flay fant 
an interrupted chain which ran ** s Law - n iwa ;u,d three 
miles within the windward margin * lT tl ' 1 1 IH f tn, as 

on Roncador, Courtnwn, and Aim ^d,* JLuk , mm a the 
line of deep % water. Their orrumencr »*» the wrmhwrd 
side is conformable to the general i tiL% o! tie* a \us irnt 
kinds of corals flourishing be 4 whim urn 4 rspoad ; hut 
their position some way within the him of <L |# wm<r f 
cannot explain, without it he, that a d p’h 'mmwlut \%m 
than that close to the out* r nuf/in til km Lank , 4 mo\t 
favourable to their growth, Wlmrv the t umL \ uv Pmyml 
a nearly continuous rim, dov* to fist wmdvmo! * d «■ <4 n 
bank some fathoms imbuing?t! ( dm n**f »lo * Jy m tubK 
an atoll; but if the bank Mimmmh mi Led m the 
case of Old Providence), the re* f ie ^ ml/a < so a.auhnj* 
barrier-reef* 1 should undoubtedly Sene ikrvd * eye of 
these fringed banks as impair* t atndf, or ban* r n ft *, 
if the sedimentary nature of their fbmrhmmm lud tta 
been evident from the jire,rtn* of other n* hbbmriaf 
banks, of similar forms and of simitar rompo itam, hot 
without the crescent like marginal r H : in the thud 
chapter, I observed that probably cotta stfo1 ? hLw r*»Tt 
did exist, which had originated til the tmmm lure 
supposed 

Proofs of elevation within recent fcrihity period4 aSioirnd* 

as referred to in the rixtli chapter, over lurarly the whole 
area of the West Indies, Hence it b twry to tmdmtaw! 

the origin of the low land on the cor 4 % wh< rr * < clmant 




APPENDIX. 


*55 


is now accumulating ; for instance on the northern part 
of Yucutan, and on the N.E. part of Mosquito, where the 
land is low, and where extensive batiks appear to be in 

progressive formation. Hence, also, the origin of the 
Great Bahama Banks, which are bordered on their western 
and southern edges by very narrow, long, singularly shaped 
islands, formed of sand, shells, and coral-rock, and some 
of them about a hundred feet in height, is easily explained 
by the elevation of banks fringed on their windward (western 
and southern) sides by coral-reefs. On this view, however, 
we must suppose either that the chief part of the surfaces 
of the great Bahama sandbanks were all originally deeply 
submerged, and were brought up to their present level by 
the same elevatoty action, which formed the linear islands, 
or that during the elevation of the hanks, the superficial 
currents and ‘-well of the waves continued wearing them 
down and keeping them at a nearly uniform level: the 
level is not quite uniform; for, in proceeding from the 
N.W. end of the Bahama group towards the S.K. end, 
the depth of the hankn inewaftes, and the area of land 
decreases, in a very gradual and remarkable manner. The 
latter view, namely, that fine banks have been worn down 
by the currents and swell during their elevation, seems to 
me the most probable* 0*10. It is, also, 1 believe, applicable 
to many banks, situated in middy distant parts of the West 
Indian Sea, which are wholly submerged; for, on any other 
view, we must suppose, that the* devatory forces have acted 
with astonishing uniformity. 

The shores of the Gulf of Mexico, for the space of many 
hundred miles, in formed by a chain of lagoons, from one 
to twenty miles in breadth {Columbian Navigator^ p. 17S, 
etc) containing either fresh or salt water, and separated 

from the sea by linear strips of sand. Great spaces of 
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the shores of Southern Brazil, 1 ami of the* United Stall's 
from Long Island (as obsi rved by Frolics <r Rn ») Pi 
Florida have the same character. Brofe:* <*1 R* j^trrin hb 
Report to ike I British *tswitt!itw {vol, In. p. r .p, ,\p» * nlib 4 
on the origin of these low, study, linear id< * ♦, he 
states that the layer; of wlili*!i lli? y me c* unpo, *d ;*o j I 1 
homogeneous, and contain too L?:- ( e a proport mu of 
shells, to permit the common suppo in a\ rd ihtli he in On n 
being simply due to matter thrown up, win re it 1 lb 
by the surf; he considers these ishncL a.i u plica v* 4 Utr* 
or shoals, which were deposited in lints whmc op; fn«t 
currents met It is evident that these islands and fp 4 .tif 
sand parallel to the coast, and s*'{mated from it by shallow 
lagoons, have no necessary conn* rtliui with toitdhann 
tions. But in Southern Florida, fnmt tlie accounts I have 
received from persons who have redded there, the tipni^d 
islands seem to be formed of strata, containing a good deal 
of coral, and they are extensively fringed by living trih * 
the channels within these islands arc in smm* |bn\ 
between two and three miles wide, and five m is 4 iL»iif, 
deep, though generally 2 they are li*\, in depth than w,ddt. 
After having seen how frequently banks of Hidititeit? in the 
West Indian Sea are fringed by reefs, we ran rvmHy con* 
cetve that bars of sediment might be go-aily aided in fh*ir 
formation along a line of coast, by the growth of torah| 
and such bars would, in that ims<% have a tknpimr 
resemblance with true 

1 In the I*ondon and Hdinbm^k / %tk$§f h #>*#/ |hp* 1 $\% 

I have clescrliietl & singula* tm of * amblon** Jy«i».* piottb I p* \ «- >* f 
off Pemamlmco In IlrarJI, width probahfy li ait &tt4}.jg<ftu 

1 In the ordinary m lagoon* npprsr »»w llir rva%f % | 

Florida, north of att % i last Major Whiting lSiifo‘w<m*$ iM, 

3c3cxv, p, 54) says that tmny are by dimwit tip lb* 

wMe line of coast from St, Atgiraffieb to Jbt§ift«f inku 
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Having now endeavoured to remove some sources of 

doubt in classifying the reefs of the West Indies, I will give 
my authorities for colouring such portions of the coast as I 
have thought myself warranted in doing, Capt Bird Alien 
informs me, that most of the islands on the Bahama Banks 
are fringed, especially on their windward sides, with living 
reels; and hence I have coloured those, which are thus repre¬ 
sented in Capt Owen's late chart, reel The same officer 
informs me, that the islands along the southern part of 
Florida arc similarly fringed; coloured red.—C uua: Pro¬ 
ceeding along the northern coast, at the distance of forty miles 
from the extreme 8.E. point, the shores are fringed by reefs, 
which extend westward for a space of 160 miles, with only 
a few breaks. Parts of these reefs are represented in the 
plans of the harbours on this coast by Capt Owen; and 
an excellent description is given of them by Mr. Taylor 
(Loudon's Mag. of Nat. vot, ix, p. 449); he states 

that they enclosed a space railed the H hixof from half to 
three-quarters of a mile in width, with a sandy bottom, and 
a little coral In most parts people can wade, at low water, 
to the reef; but in some parts the depth m between two and 
three fathoms. Close outside the reef, the depth k between 
six and seven fathoms; these well-characterised fringing- 
reefs are coloured red.—Westward of long, 77* 30', on the 
northern side of Cuba, a great bank commences, which 
extends along the coast for nearly four degrees of longitude. 
In the place of its commencement, in its structure, and in 
the *cay$f or low islands on its edge, there is a marked 
correspondence (an observed by Humboldt, Pm. Nar t% 
vol vii. p. 88) between it and the Great Bahama and 
Sal Banks, which lie directly in front Hence one is 
led to attribute thp same origin to both these sets of' 
banks; namely, the accumulation of sediment, conjoined 

882 
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with an clevatory movement, and the growth of coral on 
their outward edges; tho’.c parts which appear fringed 
by living reefs are coloured red. WV.twurd ot Uie.e 
banks, there is a portion of coast apparently without reefs, 
except in the harbours, the thorns of which scent in the 
published plans to be fringed.- '-The Ctdorado Sh",th fere 
Capt. Owen’s charts), and the low land at the west- rn end 
of Cuba, correspond as closely in relative po.ition and 
structure to the banks at the extreme point of I*«*rnin, as 
the banks above described on the north side of Cu 1 s*t do to 
the Bahamas. The depth within the islets and reefs *<» the 
outer edge of the Colontdos, is generally between two and 
three fathoms, increasing to twelve fathoms in tin* sootitt-rn 
part, where the bank becomes nearly open, without i.or 
coral-reefs; the portions vvhhh are fringe 1 are riihaui'il 
red.—The southern shore of Cuba h deeply < owns a, and 
the included space is filled up with mud and ■ amlbanki, 
low islands and coral-reefs. Between the mountains <u» I it 
of Pines and the southern shore of Cuba, the g< neral d< plh 
is only between two and three fathoms; and in ti e* part 
small islands, formed of fragmentary rock and broken 
madrepores (Humboldt, Pas. Aar., vol. vii. pp. 51, M to 
90, 291, 309, 320), rise abruptly, and just reach the urfao* 
of the sea. From some expressions used in the CWtisnimn 
Navigator (vol. i. pt. ii. p. 94), it appears that consul* mhF 
spaces along the outer coast of Southern Cuba are bounded 
by cliffs of coral-rock, formed probably by the upheaval or 
coral-reefs and sandbanks. The charts reprisebl the 
southern part of the Isle of Pines as fringed by rt <:(*, 
which the Coiuml. Navig. says extend some way fr« *m the 
coast, but have only from nine to twelve feet writer on 
them; these are coloured red.—I have trot been nbb* to 
procure any detailed description of the targe groups of 
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banks and te cays” further eastward on the southern side of 
Cuba; within them there is a large expanse, with a muddy 
bottom, from eight to twelve fathoms deep; although some 
parts of this line of coast are represented in the general 
charts of the West Indies, as fringed, I have not thought it 
prudent to colour them. The remaining portion of the 
south coast of Cuba appears to be without coral-reefs. 

Yucotan.— The N.E, part of the promontory appears in 
Capt Owen's charts to be fringed; coloured red The 
eastern coast, from 20° to 18 0 is fringed South of lat x$ a , 
there commences the most remarkable reef in the West 
Indies : it is about 130 miles in length, ranging in a N. and 
S. line, at an average distance of 15 miles from the coast 
The islets on it are all low, as I have been informed by 
Capt B. Allen; the water deepens suddenly on the outside 
of the reef, but not more abruptly than off many of the 
sedimentary banks: within its southern extremity (off 
Honduras) the depth is 25 fathoms; but in the more 
northern parts, the depth soon increases to 10 fathoms, and 
within the northernmost part, for a space of 20 miles, the 
depth is only from one to two fathoms. In most of these 
respects we have the characteristics of a barrier-reef; never¬ 
theless, from observing, first, that the channel within the 
reef is a continuation of a great Irregular bay, which 
penetrates the mainland to the depth of 50 miles; and 
secondly, that considerable spaces of this barrier-like reef 
are described in the charts (for instance, in lat 16* 45' and 
16° 12^ as formed of pure sand; and thirdly, from knowing 
that sediment is accumulating in many parts of the West 
Indies in banks parallel to the shore; I have not ventured 
to colour this reef as a barrier, without further evidence 
that it has really been formed by the growth of corals, and 
that it is not merely In parts a spit of sand, and in other 
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parts a worn-down promontory, paitially coated and fringed 
by reefs: I lean, however, to the pro! ability of if* being 
a barrier-reef, produced by subsidence?. To add to my 
doubts, immediately on the outside of tlii i barrier-lik*: reel; 
Tumejft'y Lighihouse % and Ghmr reefs are sitting d, am] 
these reefs have so completely the form of atolls that if 
they had occurred in the Pacific, 1 should not have hed- 
tated about colouring them blue. Turmfj c AW/ drifts 
almost entirely filled up with low mud islets; and tie 
depth within the otliei two reef; is only from one to fine 
fathoms. From this circumstance and from their n mdsrity 
in form, structure, and relative position, both in tie* bank 
called Northern Trimyk%m\ which there i » an r,!o? to 
tween 70 and Ho feed, and to Cautmtl 1 land, th ’ ierd 
surface of which is likewise between 70 and 8f> P*ct $11 
height, I consider it more probable that the three foregoing 
banks are the worn-down bases of upheave*! shoal ^ ft toy'd 
with corals, than that they are true atolls wholly produced 
by the growth of coral during subsidence t left uneolmr* <1 

In front of the eastern Mosquito coast, there ate b# 
lat 12 # and if/some extensive batiks (already mentioned, 
p. 253), with high islands rising from their fenfire; mid 
there are other banks wholly utbmcrgvd* hulls of winds 
kinds of banks are bordered, near tiled windward margin, 
by crescent-shaped cotal-rccft* Hut it can Imsdky h<* 
doubted, m wan observed in the preliminary remarks, tied 
these banks owe their origin, like tin! great lrank trtfnidi/ig 
from the Mosquito promontory, almost cnfiridy to the »n to 
mulation of sediment, mid not to the giowth til * m&h\ 
hence I have not coloured them. 

Cayman /stand: this bland appear** in the rliarf * 10 lm 
fringed; and Capt* Ik Allen InUmm me that the m*j» 
extend atom a mile from the shore, mtl have only from 
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5 to 12 feet water withm them; coloured red Jamaica: 
judging from the charts, about fifteen miles of the S.E. 
extremity, and about twice that length on the S.W. ex¬ 
tremity, and some portions on the S. side near Kingston and 
Port Royal, are regularly fringed, and therefore are coloured 
red. Prom the plans of some harbours on the N. side of 
Jamaica, parts of the coast appear to be fringed; but as 
these are not represented in the charts of the whole island, 
I have not coloured them.— St Domingo ; 1 have not been 
able to obtain sufficient information, either from plans of 
the harbours, or from general charts, to enable me to 
colour any part of the coast, except 60 miles from Port 
de Plata westward, which seems very regularly fringed; 
many other parts, however, of the coast are probably 
fringed, especially towards the eastern end of the island. 
—JPuerio Rico : considerable portions of the southern, 
western, and eastern coasts, and some parts of the 
northern coast, appear m the charts to be fringed; 
coloured red. Some miles in length of the southern 
side of the Island of 54 Thomas is fringed ; most of 
the Virgin Garda Island?!, as 1 am informed by Mr. 
Schomburgk, are fringed ; the shores of Anegada, as well 
as the bank on whit h it stands arc likewise fringed; these 
islands have been coloured red. The greater part of the 
southern side of Santa Crm appears in the Danish survey 
to be fringed {mt also Prof. 1 lovey’s account of this island, 
in Sillimatds Journal, vol %%%% p. 74); the reefs extend 
along fire shore for a considerable space, and project rather 
more than a mile ; the depth within the reef is three 
fathoms ; coloured red.— The Antilles, m remarked by Von 
Such (Descrifi. Iks Canaries, p, 494), may be divided into 
two linear groups, the western row being volcanic, and the 
eastern of modern calcareous origin; my information is very 
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defective on the whole group. Of the v? tern hi *wk /hr 
buda and the western coast* of Anti'jut and d/»o/ta 
appear to be fringed : this n ;d o tin* c;rn wills /*tar/W* *7, 
as I have been informed by a resident ; flu* t id in! are 
coloured red. On the shores of the We .t< m Aoulh , of 
volcanic origin, very few coral iref» appear to i hi t, The 
island of Martinique^ of whirl* then :m br.mhhdly i 
French charts, on a very targe se.de, TumC po* rn?u ai y 
appearance worthy ol special notice. The 
southern, and eastern core Is, together Imiam/ filer:! h df 
the circumference of the tatand, arr skated Itj *rry 
irregular banks, projecting generally i iflta le o tlian a imta 
from the shore, and lying from two to f*v t fathom iib* 
merged. In front of almost every valley, i\vy are bo a* Irel 
by narrow, crooked, steep*M«U?d jMcnycs The lfru*h 
engineers ascertained by boiing, that these ttlifttfty/al knk 
consisted of madreporitic rocks, wliii h were cnvrml in 
many parts by thin layers of ttitni or sand From t)m Ui t, 
and especially from the ultminn: of the narsrnf hire hr H I 
think there can be little doubt tfi.H tittle bank 4 nm e 
formed living reefs, which fringed the diore** of the ustaftd, 
and like other reefs probably reached flic *»wf h r, Horn 
some of these submerged banks reef't of living rood me 
abruptly, either in small detached \mAu% o« m hw* 
parallel to, but some way within the ouM nl^ *» of the 
banks on which they are bawd 1 lenities tin? nbfiif Until i 
which skitt the shores of the island, there m m the raditft 
side a range of linear banks, similarly lomfirntnl, tHri 
in length, extending parallel to the cwiif Imc, ami o*jM! umI 
from it by a space between two and four m width, and 
from five to fifteen fathoms in depth* From tlm raoge of 
detached hanks, some linear reefs of living rwt5 likewise 
rise abruptly \ md if they had been of greater length (im 
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they do not front more than a sixth part of the circumference 
of the island), they would necessarily from their position 
have been coloured as harrier-reefs; as the case stands they 
are left uncoloured. I suspect that after a small amount of 
subsidence, the corals were killed by sand and mud being 
deposited on them, and the reefs being thus prevented from 
growing upwards, the banks of madreporitic rock were left 
in their present submerged condition. 

The Bermuda Islands have been carefully described 
by Lieut. Nelson, in an excellent Memoir in the Geol. 
Transactions (vol. v\ part i. p. 103). In the form of the 
bank or reef, on one side of which the islands stand, there 
is a close general resemblance to an atoll; but in the 
following respects there is a considerable difference,—first, 
in the margin of the reef not forming (as I have been 
informed by Mr. Chaffers, R.N.) a flat, solid surface, laid 
bare at low water, and regularly bounding the internal 
space of shallow water or lagoon; secondly, in the border 
of gradually shoaling water, nearly a mile and a half in 
width, which surrounds the entire outside of the reef (as is 
laid down in Capt. Hurd’s chart); and thirdly, in the size, 
height, and extraordinary form of the islands, which present 
little resemblance to the long, narrow, simple islets, seldom 
exceeding half a mile in breadth, which surmount the 
annular reefs of almost ail the atolls in the Indian and 
Pacific Oceans. Moreover, there are evident proofs 
(Nelson, ibid*, p. 118), that islands similar to the existing 
one^ formerly extended over other parts of the reef. It 
would, I believe, be difficult to find a true atoll with land 
exceeding thirty feet in height; whereas, Mr. Nelson 
estimates the highest point of the Bermuda Islands to be 
260 feet; if, however, Mr. Nelson’s view, that the whole 
of the land consists of sand drifted by the winds, and 
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agglutinated together, were proved correct, th* » rlifcrrme 
would be immaterial ; hut, from his own aermu-t (p. it^| ? 
there occur in one place, five or uh layrro of red earth, 
interstratified with the ordinary cal<:«mmu« iu< k, a ml 
including stones too heavy for I lie wind to have moved, 
without having at the same time utterly dispersed t.wry 
grairf of the accompanying drifted in diet. Mis NHmn 
attributes the origin of these several lay* rs, with ihrir 
embedded stones, to as many violent ratastruphe,; but 
further investigation in such cases has generally star i^dnS 
in explaining phenomena of this kind by ordinary ami 
simpler means. Finally, I may umuk, that th<M* ishmib 
have a considerable resemblance in i#ki|ie to llirhti hi m 
the West Indies, and to Pemba on the tvsirrn <ma\t u\ 
Africa, which latter island is about sm fret In lir^fn, and 
consists of coral rock* 1 believe that the hnmwkt M.md <, 
from being fringed by living reefs, ought to have hevn 
coloured red; but I have left tlinii MiittiluttmJ, u\\ mmew 
of their general resemblance itt external Conn m a h\\mn 
island or atoll. 
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On Certain Areas of Elevation and Subsidence in 
the Pacific and Indian Oceans, as deduced from 
the Study of Coral Formations. —A Paper read 
before the Geological Society on May 31st, 1837, by 
Charles Darwin, F.G.S. 

{Abstract^ reprintedfrom the “Proceedings? vol ii.pp. 552-554.) 

THE author commenced by observing on some of the most 
remarkable points in the structure of lagoon islands. He then 
proceeded to show that the lamelliform corals, the only efficient 
agents in forming a reef, do not grow at any great depths ; and 
that beyond twelve fathoms the bottom generally consists of 
calcareous sand, or of masses of dead coral rock. As long as 
lagoon islands were considered the only difficulty to be solved, 
the belief that corals constructed their habitations (or speaking 
more correctly, their skeletons) on the crests of submarine 
craters, was both plausible and very ingenious; although the 
immense size, sinuous outline, and great number, must have 
startled any one who adopted this theory. Mr. Darwin remarked 
that a class of reefs which he calls “ encircling” are quite, if not 
more, extraordinary. These form a ring round mountainous 
islands, at the distance of two and three miles from the shore; 
rising on the outside from a profoundly deep ocean, and 
separated from the land by a channel, frequently about 200 and 
sometimes 300 feet deep. This structure as observed by Balbi 
resembles a lagoon, or an atoll, surrounding another island. 
In this case it is impossible, on account of the nature of the 
central mass, to consider the reef as based on an external 
crater, or on any accumulation of sediment ; for such reefs 
encircle the submarine prolongation of islands, as well as the 
islands themselves. Of this case New Caledonia presents an 
extraordinary instance, the double line of reef attending 140 
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miles beyond the bland* Again the banier-rrcf, ntinimg fur 
nearly looomilen parallel In she Nmili ICim tt$dd of An u >111,4 

and including a wide and deep aim of fie '.**!„ Inn,', a 0,ud 
class, and is the grande it and most extraordinary » oral I-ii na¬ 
tion in the world* The rcrf itself in xhn three r la, *'%» cm ar ling, 
barrier and lag tern, is most the rly ’timd .11 ; tie 4 tWurtmtr, 
entirely lying in the aliaenn* or prepuce of ur find, 

and the relative position which the srrk 1*%*? m it* The 
author particulady points mtl nnn diha idly in imdfrdatnhng 
the structure in the banter and minding iW-rs namely, 
that the teef extends m far from the %h %*% tliat a line 
drawn perpendicularly ftom its nutrr edge down in ih* 
solid rock on which the r«o*f mint tic based, very far recced* 
that small limit at which torah ran grow* A tlhnm-i <law of 
reefs however exists, which the author calls “fringing ut*h t 
which extend only m far from the shore, that there %% m 
difficulty in understanding their growth* Tim theory which 
Mr. Darwin then offered, to as to include every kmd of 
structure, is simply that at* the land with the att.i* bed v*th 
subsides very gradually from the action of raust**, 

the coral-building polypi soon again iai*r their *ohd tames to 
the level of the water; but not m with the land; nidi inch lot 
is irredaimably gone• As the whole gradually *mk», tlir 
water gains foot by foot on the shore, till the lr*t ami bigh^.i 
peak is finally submerged* before etphtinsttg tlir# view m 
detail, the author offered some commicMium* on the ft* of ability 
of general subsidences,- Midi m the small jmMmn trf land 111 
the Pacific, where many ratr,« tend to In pioductbn, m 
argument first suggested by Mr. Lyell, and the ttiifw* 
difficulty (with the knowledge that coral* pnw it hut twined 
depths) in explaining the existence of a vast number of n^f* m 
one level, without m grant mh’Mmwm* 10 that mt mmmum 
top should he submerged after another s the rwxphytf* »iw4y% 
bringing up their stony masses to tie ttirfare of the mm, 
Subsidence being thus rendered almost necessary, o mm shown 
by the aid of sections, that a simple fringing ?raf would thu# 
tmmmxlly tot converted by the upward growth of tit coral n»w 
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one of the encircling order, and this finally, by the disappear¬ 
ance through the agency of the same movement of the central 
land, into a lagoon island. In the former manner a reef skirting 
a shore would be changed into a barrier extending parallel to, 
but at same distance from, the mainland. 

Mr. Darwin then showed that there existed every inter¬ 
mediate form between a simple well -characterised encircling 
reef, and a lagoon island ; that New Caledonia supplied a link 
between encircling and barrier reefs ; that the different reefs 
produced by the same order of movement were always in juxta¬ 
position, of which the Australian barrier associated with 
encircled islets and true lagoons, affords a good example. He 
then proceeded to show that within the lagoon of Keeling 
Island, proofs of subsidence might be deduced from many 
falling trees and a ruined storehouse ; these movements appear¬ 
ing to take place at the period of bad earthquakes, which 
likewise affect Sumatra, 600 miles distant It was thence 
inferred as probable, that as Sumatra rises (of which proofs are 
well known to exist), the other end of the level sinks down ; 
Keeling Island thus acting as an index of the movement of the 
bottom of the Indian Ocean* Again at Vanikoro, where the 
structure indicates, according to the theory, recent subsidence, 
violent earthquakes are known lately to have occurred. 

The author then removed an apparent objection to the 
theory, namely, that subsidence would form a disc of coral, but 
not a cup-shaped mass or lagoon, by showing that corals which 
grow in tranquil water are very different from those on the out¬ 
side, and less effective ; and that as the basin became shallower 
they are subject to various causes of injury. The lagoon never¬ 
theless is constantly filling up to the height of lowest water 
springtides (the utmost possible limit of living coral), and in 
that state It long remains, for no means exist to complete the 
work* Mr* Darwin then proceeded to the main object of the 
paper, in showing that as continental elevations act over wide 
areas, so might we suppose continental subsidences would do, 
and in conformity to these views, that the Pacific and Indian seas 
could be divided into symmetrical areas of the two kinds ; the 
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one sinking, m deduced firm* iht* piramre uf tm$ ir« ling ani 
b;tirier-t<*cf% and lagoon island , *111'I the other mm**, a , ku«* 
from uplifted %brlK and f wa» , and Id un f * reef$. The air *m* 
of lagoon island'* 111 certain <AU!f* too t% mt It a * in both th 
West and Kim Indroi, Fed Sea, *•:*., w;r> thus ra djy 
for proofs of recent Novation ;*rr shmrr* abundant. 111 a Id, 
manner, in very many tiv e-» tUnar idand * air only lunged %%it 
reefs, which according to the theory had not h?*ttn Mtbvtd;ni 
actual proofs of elcvamm writ* Mr, Darwin rertiaiht 

that, excepting on the theory of the umftgtsramm of rcefo htm 
determined by tint order of movement, the niuitmtance tfw 
certain classes which me diar&ueriMn and universal in m«« 
parts of the sea, being never itmml in others, h qmu* umtmahm 
and has never been attempted fa he explained, 

Mr* Darwin then pointed mil the above 1*11*4% both in tfs 
Pacific and Indian Ocean'*, ami deduced the following »** t»i 
principal result*: Unit linear spare* of great extent ai 

undergoing mmttm tin at m &tf finishing timfonmty, and fit* 
the bands of elevation and culnhlenre alternate, e. From *< 
extended examination, that the points of eruption all full nn d 
areas of elevation. The author imKn 4 on ilir mipotbtme i 
this law, m tbm affording some uv'ktv* <if HpernUting, wherein 
volcanic rocks occur, m the «bulge* of level even iliirifi 
ancient geological periwh, % lint mum loml 
acting m monument** over MtVndcd hind, the gen‘rajtha 
distribution of organ?? lmn$n a^ r on sapient on g**n5**ga. 
changes t*i laid down by Ilf, Ljdf; k duridafed, hi ti 
discovery of former centre*, whence the germs tmM I m di 
geminated* 4. That some degree of ftgtii might tint* I 
thrown on the question, whether certain groups of living 
peculiar to small spot* are the remnant % nf a fortipr krj 
population, or a new out springing into mhmit,#. Lastly, w In 
beholding more than a hemisphere* divided into symmetric 
areas, which within a limited period of time have undergo! 
certain known movements, wm obtain some insight inf# tl 
system by which the crust of the globe i» modified during tl 
f ii dtffff cycle <tf chiMigts# 
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